2 


EDWARD H MASON 


ARCH INT 


release of ten as the dividing line between a positive and a negative 
result Also during the earlier part of our work, we started counting 
the pulse rate twenty-five minutes after the injection, but in a few cases 
the maximum release took place vithin that time, so a twenty-minute 
period was adopted This has proved to be quite satisfactory 

In all, we have carried out 256 tests on sixty-three cases of typhoid 
or paratyphoid B infections, fift 3 f-seven of them being on males and 
SIX on females The dosage of the drug has been either one-thirtieth 
or one-thirty-third gram of atropm sulphate hypodermicallj^, most of 
the tests being made v ith one-thirtieth gram Fifty-six were cases of 
typhoid fever, the diagnosis being confirmed by blood culture, or by a 
Widal reaction m dilution above 1 in 40 Five of the remaining seven 
cases were infections due to B pai atyphosns B, while the remaining 


TABLE 1 — Results of the Atropin Test in Seven Cases Showing the 
Variability in Time of Appearance of a Positive Widal Reaction 


Case 

No 

1 Daj ol 
Sex Disease i 

1 

1 

Release 

Widal (Mae.) 

Blood 

Culture 

25537 

1 

e 6 1 

, 10 1 

&7-100 = 13 
82- SS = 6 

5th da\ of disease, negative for 

B tjphoEus 

Positive for B 
tjphosus 

25625 

1 

c? 9 i 

13 1 

77- 08 = 21 
82- 88 = 6 

8th day of disease, positive 
(1 SO) for B tiphosus 

Positive for B 
tj phosus 

25G62 ^ 

9 10 

16 

111-132 = 21 
115-120= 5 

/ 

94-110 = 16 
80- 80 = 0 

10th day of disease, positive 
(1160) for B tjphosus 

Positive for B 
typhosus 

25515 

e 5 

10 

4th daj of disease, negative for 

B typhosus 

Positive for B 
tj phosus 

2o321 

“ 1 18 

1 I 22 

81-104 = 23 
79- 86 = 7 

18th day of disease, positive 
forB typhosus 

Positive for B 
tjphosus 

25128 

1 o' 1 11 

98-116 = 18 

15th day of disease, negative 

Positive for B 


1 

1 1 

95-100 = 5 

forB typhosus 

typhosus 

25700 

! 

9 ' 9 

106-122 = 16 

8th day of disease, positive for 

Positive for B 


15 

114-122 = 8 

B typhosus (1 80) 

tjphosus 


two ran a typical typhoid course, but at no time were we able to con- 
firm our diagnosis by bacteriologic or by serologic methods Out of 
the sixty-three cases, eleven of them failed to give a positive reaction, 
that is a release of ten or less This is an exceedingly high percentage, 
but it may be partly accounted for by the fact that six of the eleven 
patients vere given only one test Further, three of the eleven were 
extremely toxic and restless at the time of the test, which undoubtedly 
increased the release, all of these three patients dying a few days later 
Only seven patients admitted showed a negative test before develop- 
ing a positive one As this point determines the appearance of the 
reaction in relation to the day of disease the results are given in full 
(Table 1) From the seven cases recorded in Table 1 it vould seem 
that the time of appearance of a positive reaction varies considerably 
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Thirty-fi\e of our cases were admitted to the wards eaily enough so 
that the first test, if positive, would be of some value in determining 
the appearance of the reaction The average of these thirty-five cases 
indicated that the leaction appeared on the eleventh day of disease, with 


TABLE 2 — Data Concerning Eleven C\ses which Failed to Give a 
Positive Reaction to the Atropin Test 


Serf il 
No 

Cnso 

No 

1 

SeV 

Age 


Eelensc 

Widnl 
(Mae ) 

Blood 

Culture 

BemarlvS 

m 


B 

32 

6 

99-116=17 

Negative for B 
tjphosiis (5th 
da\ of disease) 

Negative forB 
tj’phosus (5th 
daj of disease) 

Only 1 test 
diagnosis 
doubtful 

2 

25296 j 

i 

d 

32 

11 

25 

31 

12 

60- 73=13 1 
IS- 65=17 
57-101=11 
82-100=18 

Negative forB 
tjphosus (10th 
dnj of disease) 

Positive for B 
tvphosus (10th 
daj of disease) 

1 

i 

! 

3 

252S1 

d 

2S 

2S 

108-121=16 

1 

Negative foi B 
tiphosiis (2Sth 
dav of disease) 

Positive for B 
tjphosus (28th 
daj of disease) 

Died 9 days 
later, onlj 
one test 
made 

i 

25115 

d 

i 

18 

1 

1 

i 

11 

19 

27 

31 

35 

8S 

11 

99-126=27 
SS-100=12 
66- 8-1=18 
77- 92=15 
7v>- 90=14 
77- 90=13 
72- 90=18 

Negative for B 
tjphosns (9th 1 
daj of disease) 

Positive for B 
tvphosus (9th 
daj of disease) 

1 

1 

1 

! 

5 

25209 j 

' 

d 

j 

S3 

10 

01-110=10 1 

1 Positive (1-20) 
for B tjpho 
sus (9th day 
of disease) 

Positive for B 
tjphosus (9th 
daj of disease) 

Died 10 days 
later, one 
test 

G 

1 

25595 

d" i 

i 

IS 

15 

20 

' SG-101=1S 

1 SO- 94=11 

i 

1 

Positive for B 
tsphosus (15th 
daj of disease) 

Positive for B 
tvphosus (15th 
day of disease) 

Died 29th 
day of dis 
ease 

7 

25096 

d 

25 


105-120=15 

i 

Positive (1-80) 
for B tj pho 
sus (12th day 
of disease) 

Negative 

1 

One test 

s 

2195S 

d 

30 

29 

82-111=32 

Positlv’e (1-80) 
for B tjpho 
sus (9th day 
of disease) 

Negative 

One test 

!) 

25C91 

d 

23 

15 

22 

27 

70-100=30 
75- 92=17 
96-120=24 

Positive (1-80) 
for B typho 
sus (18th day 
of disease) 

Negative 


10 

25119 

d 

33 

17 

74- SB=U 

t 

1 

» 

Positiv'o (1-80) 
for B typlio- 
sus (11th day 
of disease; 

Negative 

One test 

11 

25653 

d 

27 

21 

21 

38 

42 

81-112=28 

91-112=21 

93-112=19 

86-112=26 

Positive (1-160) 
for B typho 
sus (20th day 
of disease) 

Negative 



extremes from the fourth to the twenty-second days It must be 
remembered that in twenty-eight of these cases the reaction was posi- 
tive with the first test, so it undoubtedly appears at a slightly earlier 
date It has been of great interest to us to observe that in twelve of 
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THEODORE CALDR^ELE JANEJVAY, AI D , a ii'cinbei of the 
editonal hoojd of The A) chives of Intcnwl Medicine since ipo8, died 
of pneumonia, Dec 2-/, ipiy in Baltiinoic, aged /jg yeais Di Jane- 
loay loas bom in A^ciu Yoik City, Nov 2, 18'/ 2, a son of Di Edwaid 
Gamclicl Janexoay, the zvcll-known diagnostician and consulting physi- 
cian of Nezo Yoik, zi'ho died in ipiT, and of Fiances Stiong Rogeis 
Janezoay He maincd Miss Elcanoi C Aldcison of Ovcrbiook, Pa , 
Sept 2/, i8p8, and is suivivcd by his zvife, tzvo sons, Edzvaid and 
Chailcs, and tliicc dauqhtcis Noia Agnes and Fianccsca Janezuay 

Di Janezuay giaduatcd fioin the Sheffield Scientific School of 
Yale Univeisitx in i8p2, and from the College of Physicians and 
Suigcons of Columbia Univeistlv m i8p^ He zuas instiiictoi of 
bactei lologv 111 Columbia Univeisity, i8p§-i8p6, an intein in St 
Luke's Hospital in i8p/, instiiictoi and lectin er 111 the Univeisity and 
Bellevue Medical College, i8p8-ipo6, associate in clinical medicine in 
the College of Physicians and Suigeons of Columbia University, ipoy , 
piofcssoi of medicine, ipop, visiting physician to St Luke^s, the City 
and the Pi csbytci lan hospitals of Nezu Yoik City, physician-ni-chief 
of Johns Hopkins Hospital and piofessoi of mediane in the Johns 
Hopkins Univeisity under the Welch fund, ipij He became secie- 
taiy of the Russell Sage Institute of Pathology in 1907, and zuas d 
niembci of tiie Budi d 'of Scientific Dnectois of the Rockefellei Insti- 
tute foi Medical Reseaich since ipii 

Di Janezuay zuas a Fellozu of the American Medical Association, 
a niembei of the Association of Ameiican Physicians, and of the 
Society of Erpei iniental Biology and Medicine His zuoik in the 
diffeient blanches of clinical medical investigation, notably on the 
subjects of blood fiiessnie and diseases of metabolism and the caidio- - 
vasciilai changes in ncphiitis, zuas especially notczvoi thy\ He zuas the “ 
aiithoi of "The Clinical Study of Blood Piessuie,” published in ipog, 
and of many peiiodical ai tides 

Di Janezuay offeied his sei vices to the Medical Depai tment of the 
Aimy immediately aftei the dcclaiation of zuai by the Unibz'^ States 



and zaas assigned to active duty m the Swgeon-Geneial’s office at 
Washington with geneial dii action of the Division of Internal Medi- 
cine The splendid peisonnel of the internists in charge of internal 
medicine and cai diovasculai -renal diseases in the cantonments and 
camps zoas obtained laigely thiough his effoits zvith the coopeiation 
of Majoi IVai field T Longcope Just pievions to Jus death, Di 
Janezuay had made a peisonal investigation of the oiithieak of measles 
and pneumonia in some of the cantonments In addition to his con- 
tinuous zvoik in the Siu geon-Genei al's office, he conducted tzvo clinics 
a zveck in Baltimoic, and it seems liJzely that this seveie drain on Jus 
stiengtji and eneigy zveaJzened Jus pozuei of lesistance 

TJuougJi Jus many scientific inteiests and connections, Dr Janezvay 
did mucJi to advance the giozvtJi of medical science in this eountiy 
He zuas a man of lovable chaiactei, an eneigetic zvoikei , and he gave 
himself zoholehcai tedly and fieely to the many zvoitJi zvJiile undei- 
taJiings to zsjJiich he zvas called 
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THE VALUE OF THE ATROPIN TEST IN THE DIAG- 
NOSIS OF TYPHOID FEVER 

EDWARD H MASON, MD 

MONTRrAL, QUr 

With the lecent publication of Marns’^ article on the use of atropin 
in the diagnosis of the enteric group of infections, we decided to avail 
ourselves of the opportunity that the medical services of this hospital 
oftered Therefore, within the last few months we have carried out 
the test accoiding to Mains’ technic on 109 patients, sixty-three of 
them suftering from typhoid, or paiatyphoid B infections, and forty- 
six nontyphoid cases In all, 305 tests were peifoimed The technic 
adopted is practically the same as that recommended by Marris, except 
that in most of our tests we have used one-thirtieth in place of one- 
thirty-thiid grain of atiopm sulphate It is as follows 

On a fasting stomach the pulse rate is taken for ten consecutive minutes, 
while the patient rests quietlj m bed If the rate per minute remains practi- 
call} constant, this is accepted as the average mean rate Then one-thirtieth 
gram of atropin sulphate is injected hypodermically into the upper arm, after* 
w'hich the patient continues to remain quietly m the same position After 
twenty minutes have elapsed the pulse rate is taken again and the counting is 
continued until the maximum rate per minute has been reached and it has 
definitely started to fall to a lower level The difference between this high 
level and the mean of the ten consecutive minutes before the injection is taken 
as the release 

In most noimal persons the pulse rate increases from tw^enty to 
forty beats per minute after one-thirtieth giam of atropin sulphate 
hypodermically The increase is more marked in the earlier years of 
adult life, wdule after 50 it is not so great The question of sex seems 
to play no important part m regard to the degree of release Marris 
found this release to be so constant that he declared that an increase of 
only ten beats or less per minute was very suggestive that the patient 
was suffering from a typhoid or paratyphoid infection Releases 
between ten and twenty he considered to be doubtful, needing to be 
confirmed by further observations In our work we have taken a 

Submitted for publication July 24, 1917 / 

=*'From the Medical Clinic of the Royal Victoria Hospital, Montreal 

should like to acknowledge my appreciation of a grant from the James 
Cooper Fund of McGill University which made this work possible 

1 Marris, F A Brit Med Jour, 1916, 2, 717 
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release of ten as the dividing line between a positive and a negative 
result Also daring the earlier part of our work, we started counting 
the pulse rate twenty-five minutes after the injection, but in a few cases 
the maximum release took place within that time, so a twenty-minute 
period vas adopted This has pro\ed to be quite satisfactory 

In all, we have earned out 256 tests on sixty-three cases of typhoid 
or paratyphoid B infections, fifty-seven of them being on males and 
SIX on females The dosage of the drug has been either one-thirtieth 
or one-thirt) -thii d gram of atropm sulphate hypodermicalty, most of 
the tests oemg made wilh one-thirtieth gram Fifty-six were cases of 
typhoid fever, the diagnosis being confirmed by blood culture, or by a 
AVidal reaction m diltmon above 1 in 40 Five of the remaining seven 
cases ireie infections a it to B pai atyphosns B, while the remaining 


TAELF 1— RnsuLTb oi jiie Atropix Test in Seven Cases Showing the 

V*.U«,BILm lx'' 'T X^PPEARANCE OT A POSITIVE WiDm REACTION 


Ca^c i 
No 

1 


i y 

1 o 

1 

Palease 1 

Widal (Mac ) 

Blood 

Culture 

23537 ! 

d 

0 

sr- 1 A - 13 

5th daj oi disease, negative for 

Positive for B 



10 

32- 'S - 6 

B ti phoEus 

typhosus 

2X25 1 

0 

q 

77- 98 21 

8th dnj ol disease, positive 

Positive for B 

1 


1. 

82- 8S = 6 

(1 80) for B typhosus 

typhosus 

25002 

0 

xO 

111-1C2 -r 21 

10th dai of disease, positive 

Positive for B 

1 


iO 

118-120 = 6 

(1-160) for B typhosus 

tjphosus 

23"i5 

d 


01 ilO = 10 

4th day of disease, negative for 

Positive for B 

1 



Sf.- SO = 0 

B typhosus 

typhosus 

2'.'n 

d 

i IS 

Sl-lOi = 23 

18th day of disease, positive 

Positive for B 



22 

79- SO = 7 

for B typhosus 

tjpho«us 

25’2S 1 

d 

11 

GS-110 = 18 

15th day of disease, negative 

Positite for B 



10 

85-100 = 5 

forB typhosus 

typhosus 

>x>TOO 

V 

' 9 

106-122 = 16 

8th day of disease, positive for 

Positive for B 



15 

114-122 = 8 

B typhosus (1 SO) 

tjphosus 


tuo ran a typical typhoid course, but at no time were we able to con- 
firm our diagnosis by bacteriologic or by serologic methods Out of 
the sixty-three cases, eleven of them failed to give a positive reaction, 
that is a release of ten or less This is an exceedingly high percentage, 
but It may be partly accounted for by the fact that six of the eleven 
patients vere given only one test Further, three of the eleven were 
extremel) toxic and restless at the time of the test, which undoubtedly 
increased the release, all of these three patients dying a few days later 
Only se\ en patients admitted showed a negative test before develop- 
ing a positne one As this point determines the appearance of the 
reaction in relation to the day of disease the results are given m full 
(Table 1) From the seven cases recorded m Table 1 it would seem 
that the time of appearance of a positive reaction vanes considerably 
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Thirty-five of our cases weie admitted to the wards early enough so 
that the first test, if positive, would be of some value in determining 
the appearance of the reaction The average of these thirty-five cases 
indicated that the reaction appeared on the eleventh day of disease, with 


TABLE 2 — Data Concerning Eleven C^ses which Failed to Give a 
P osiTiw: Reaction to the Atropin Test 


Serial 

No 

Case 

^o 

f 

Sex 

-Age 

Day 

of 

Dis 

case 

Release 

1 

23310 

d 

32 

6 

99-110=17 


/• 



\ 


o 

2529G 

d 

32 

11 

GO- 73=13 





25 

48- 65=17 





31 

57-101=44 





42 

82-100=18 

3 

23284 

d 

28 

28 

108-124=16 

i 

25443 

d 

18 

11 

99-120=27 





19 

88-100=12 





27 

OG- &4=18 





31 

77- 92=15 





33 

76- 90=14 



1 


38 

77- 90=13 





41 

72- 90=18 

5 

25209 

d 

33 

10 

94-110=16 

G 

23393 

d 

18 

i 

13 

80-101=18 




I 1 

20 

so- 94=14 

7 

I 2509G 

d 

1 

25 

IG 

103-120=^5 

8 

24958 

d 

30 

29 

82-114=32 

0 

25G91 

d 

23 

15 

70-100=30 





02 

75- 92=17 





27 

96-120=24 

10 

25119 

d 

33 

17 

71- 88=14 

11 

25633 

d 

27 

21 

84-112=28 





24 

91-112=21 





38 

93-112=19 





42 

86-112=20 


Widal 
{Mac ) 

1 

Blood 

Culture 

Remarls 

Negative for B 
tjphosus (5th 
dav of disease) 

Negative forB 
tjphosus (5th 
day of disease) 

Only 1 test 
diagnosis 
doubtful 

Negative forB 
tjphosus (10th 
dajf of disease) 

Positive for B 
tjphosus (10th 
daj of disease) 


Negative for B 
tj'phosus (28th 
daj of disease) 

Negative forB 
typhosus (9th 
daj of disease) 

Positive for B 
tjphosus (28th 
day of disease) 

Positive for B 
typhosus (9th 
day of disease) 

Died 9 days 
later, onlv 
one test 
made 

Positive (1-20) 
for B tjpho 
sus (9th day 
of disease) 

Positiv'e for B 
tjphosus (9th 
day of disease) 

Died 10 days 
later, one 
test 

Positive for B 
typhosus (15th 
daj of disease) 

Positive foi B 
typhosus (l3th 
day of disease) 

Died 29th 
day of dis 
ease 

Positive (1-80) 
for B typho 
sus (12th day 
of disease) 

Negative 

One test 

Positive (1-80) 
for B typho 
sus (9th day 
of disease) 

Negative 

One test 

Positive (1-80) 
for B typho 
sus (18th daj 
of disease) 

Negative 


Positive (1-80) 
for B typho- 
sus (14th day 
of disease! 

Negative 

One test 

Positive (1-160) 
for B typho 
sus (20th day 
of disease) 

Negative 



extremes from the fouith to the twenty-second days It must be 
remembered that in twenty-eight of these cases the reaction was posi- 
tive with the first test, so it undoubtedly appears at a slightly earlier 
date It has been of great interest to us to observe that m twelve of 



4 


EDWARD H MASON 


these thirty-five cases the test was positive, with a negative Widal 
reaction and positive blood culture Also in four cases both Widal 
reaction and blood culture were negative with positive atropin tests, 
the former becoming positive at subsequent dates This would indi- 
cate that in a few cases the test might rival the blood culture as an 
early means of diagnosis 

The disappearance of the reaction in relation to the day of disease 
and to the temperature is important In twenty-seven cases m which 
we were able to determine the former point the reaction averaged to 
disappear on the thirty-first day of disease The extremes ranged 
from the fifteenth to the fifty-fouith days As a rule, the temperature 
curve ranged between 98 to 100 F when the reaction disappeared, and 
in a few cases it reappeared slightly preceding a relapse with ayrise m 
temperature 

The eleven cases with their points of interest that failed to give a 
positive reaction (release of ten or less) during some period of their 
hospital stay are recorded in Table Z 

We have had no experience with the use of the test in patients who 
have had typhoid vaccine Mams gave evidence to show that the test 
was positive within four weeks of such vaccination, which would make 
it of value only after that interval had expired 

In order to contiol the work, forty-nine tests were carried out on 
forty-six ward patients suflrenng from a variety of clinical conditions 
Thirty-six of these patients were males, and ten were females The 
dosage in all cases except one was one-thirtieth or one-thirty-third 
gram and in that case it was one-seventy-fifth gram, as the patient was 
a boy of 13 years The releases varied from one to fifty-four, the 
average release for all cases being 21 5 beats per minute By sex the 
extremes are ^ 


Males (nonfebnle) 
Males (febrile) 
Females (nonfebnle) 
Females (febrile) 


30 cases , 31 tests , 11 to 45 

6 cases, 6 tests, 14 to 30 

7 cases, 9 tests, 1 to 54 

3 cases, 3 tests, 13 to 50 


Average release (all cases nontyphoid) 21 5 

Average release males (nonfebnle) 23 6 

Average release males (febrile) 18 8 

Average release females (nonfebnle) 16 5 

Average release females (febrile) 27 0 


The foregoing figures show how variable the release may be in 
people who are not suffering from the enteric group infections Three 
females gave a release of ten or less, a positive reaction One, a case 
of acute bronchitis, on two occasions gave releases of one and eight, 
respectively The blood failed to agglutinate B typhosus or B paia- 
typhosus A or B 



191S 


ATROPIN TEST IN TYPHOID 


5 


The second case was one of tuberculous meningitis in a woman, 
aged 60, who also, on two occasions, gave releases of four and nine 
This may be explained by the well known hyperactive vagus which is 
present m certain cases of tuberculous meningitis 

The third, a case of diabetes mellitus in a woman of SO, gave a 
release of ten In none of these three cases was there a pievious his- 
tory of typhoid fever or of typhoid vaccination 

In the senes of nontyphoid men there were four cases that each 
gave a release of eleven One was a patient who had vagotonia and 
who at the same time was taking 30 minims of tincture of belladonna 
per day He showed neither pupillary changes nor a dry mouth The 
other three were cases of gout, chronic arthritis, and multiple neuritis, 
respectively In all, pupillary changes were definite 

Thus, when the five tests in the three females that released only 
ten or less are excluded, the total average release is 23 9 , for males 
alone 22 8, and for females alone 32 8 This might indicate that 
females are more sensitive than males to one-thirtieth gram of atropin 
The types of cases covered in this group can be seen by the following 
diagnoses 


AFEBRILE 

Gout 

Diabetes mellitus 
Acute nephritis 
Chronic diflfuse nephritis 
Chronic arthritis, infectious 
Gonorrheal arthritis 
Acute bronchitis 
Chronic bronchitis 
Pleurisy with effusion 
Chronic pulmonary tuberculosis 
Tuberculous meningitis 
Myocarditis 
Thoracic aneurysm 


Cerebral hemorrhage 
Peripheral neuritis 
Myalgia 
Vagotonia 

Cerebrospinal syphilis 
Tabes dorsalis 
Splenomyelogenous leukemia 
Chronic malaria 
Chronic appendicitis 
Duodenal ulcer 
Cerebral concussion 
Sarcoma lumbar vertebrae 


FEBRILE 

Acute nephritis 
Acute bronchitis 
Pulmonary tuberculosis 


Acute endocarditis 
Acute infectious arthritis 
Chronic infectious arthritis 


On the nontyphoid group we have also worked out the minute that 
the high level of release first appears after the hypodermic injection 
of atropin We find it to vary from the fifteenth to the fifty-second 
minute The results are 


Average of all cases 
Males (nonfebrile) 
Males (febrile) 
Females (nonfebrile) 
Females (febrile) 


33 S minute 

31 6 minute 
340 minute 
28 7 minute 

32 0 minute 


The foregoing results would indicate that the release appears a 
little sooner in women than in men, and that in both sexes the non- 
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EXPLANATION OF CHARTS 

The first three charts represent the complete pulse rate curve after ihe 
injection of one-thirtieth gram of atropin sulphate m three nontyphoid patients 
The scales explain themselves Chait 1 is taken in a case of diabetes melhtus 
and shows verv clearlv the release of 18 beats which took place, the high level 
of release being reached twenty-four minutes after the drug was given The 
slight slowing in rate which was maintained for 8 beats is of verv common 
occurrence, due we believe to a hyperactive vagus before the partial paralysis 
takes place 

Charts 2 and 3 show similar curves in cases of pleurisy with effusion and 
in pulmonary tuberculosis respectively, giving releases of thirty-two and thirty- 
one Note the slowed rate after the hypodermic for twelve beats in Chart 2 

Charts 4 and 5 represent curves from cases of typhoid fever in the thir- 
teenth and fourth days of disease The releases of two and of six make the 
reaction positive 

Charts 6, 7 and 8, demonstrate the presence of the reaction throughout the 
course of three cases of typhoid fever, which diagnoses were confirmed by 
laboratorj" examinations The releases are represented m black and are read 
from the pulse scale at the extreme left The finest ruling represents two 
beats and the darker ones ten, the dividing line between a positive and a nega- 
tive result The charts also show the relation between the reaction, temperature 
curve, and daj of disease The facts of interest in each case are given under 
the charts 







































































8 


EDWARD H MASON 


ARCH 



1 

a 

a 

B 


(O 



lb 

v8 

TO 


w 

T6 

23 

50 

52 

3 

5fa 

58 

40 




43 

50 

52 



68 



■ 

■ 



■ 

■1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 



■ 

■ 


■ 

■ 








■ 

■ 



■ 

■1 

■ 

■ 

■ 

□ 


■ 

■ 

■ 

■ 

J 

■ 



■ 

■ 


_ 

_ 




■ 

■ 



■ 




■ 

■ 

■ 

■ 

■ 

■ 






m 

■ 



■ 

■ 






■ 

■ 

■ 



■ 

■ 



1 

■ 

■ 

■ 

■ 

■ 










■ 

■ 




■ 


■ 

■ 

■ 







1 

■ 

■ 

■ 









■ 








■ 


■ 

■ 

■ 







■ 

■ 

■ 

■ 








■ 

■ 




















1 

I 

■ 

■ 







■ 

j: 



m 

■ 









■ 

■ 

■ 




1 

1 

a 

■ 







■ 

■ 



■ 

■ 





■ 

■ 

■ 

■ 


■ 

■ 

■ 



p 

1 

■ 

■ 

■ 








■ 



■ 

■ 





■ 

■ 

■ 

■ 


■ 

■ 

■ 



ii 

■ 

■ 

■ 

■ 











■ 

■ 








1 







H 

■ 

■ 

■ 

■ 











■ 

■ 




■ 



■ 

■ 


■ 

■ 

■ 




■ 

■ 

1 

■ 
















■ 



■ 

■ 


■ 

■ 

■ 




■ 

■ 

■ 

■ 







■ 

■ 

■ 









■ 

■ 



■ 

■ 

■ 



■ 

■ 

■ 

■ 

■ 







■ 

■ 

■ 







■ 






■ 

■ 

■ 



p 

■ 

■ 

■ 

■ 








■ 

■ 




L_ 



■ 






r 





i 

■ 

■ 

■ 

1 






■ 

■ 


■ 





L 

L 






m 

r 






■ 

■ 

■ 

■ 




■ 


■ 

■ 

■ 

L 






■ 






El! 

■ 

■ 




■ 

■ 

■ 

■ 

■ 




■ 


■ 

■ 

■ 

■ 






■ 

■ 





R! 

■ 

■ 




■ 

■ 

1 

a 

■ 




r 


1 

r 

rz 







in 

m 

■ 

■ 

■ 

■ 






lE 

Cl 


la 

s 


m 


■ 


■ 



Br 

■ 

n 




■ 


■ 

9 

m 

■ 

■ 

■ 




■ 

■ 

r 




E 

S 


mtm 

WM 

H 




m 

■ 

■ 



1 

i 

m 

■ 

■ 

n 




c 


9 

■ 

m 

■ 

■ 

■ 




■ 

■ 

■ 




m 

■ 

■ 



i 

■ 

■ 

■ 

■ 

H 





■ 

■ 

■ 

r 

r 

r 

r 




■ 







■ 

r 



■ 

■ 

■ 

■ 

■ 

n 





■ 

■ 

■ 

■ 

n 

■ 

■ 




■ 






m 

■ 

IB 

im 

IB 

a 

IB 

m 

la 

■ 

H 


L 



L 

L 


L 

L 

L. 

L 


L 

L 

L 







Chart 4 


2 

s 

a 

a 

a 


a 

a 


w 

lb 

i« 

20 

21 


afa 


^0 

52 

54 

5b 

58 

40 

42 

AA 

Ab 

AS 

50 

52 

^4 

Sb 





■ 


■ 

B 



Bl 

Bl 

Bl 





Bl 

Bl 

Bl 

B 

B 














■ 

■1 

■ 

B 




Bl 

Bl 






Bl 

Bl 

B 

B 














■ 


































Bl 

Bl 

Bl 














B 

B 

B 

B 



















Bl 

Bl 

Bl 








fl 

B 

fl 

fl 






























fl 

fl 







j 



B 

Bl 




aai 

Bl 









1 



1 










■ 


■1 

B 

fli 



■1 

■1 

Bl 









B 

B 


fl 

fl 

fl 








■ 



1 






B 


B 







B 

B 

B 

fl 

fl 


fl 

fl 

Ifl 





■ 




m 

■ 

■1 

■! 




B 


B 

fl 




B 

B 

fl 

fl 



li 

fl 

IB 





ai 




m 

Bl 

■ 


■ 

B 




n 

n 





B 

fl 

fl 

fl 


Ifl 

B 





_ 

_ 


■ 


m 

■ 

■ 























2b 

■ 

■ 

■ 



m 

■ 
























m 

■ 

■ 

ai 




■ 


Bl 

■ 

B 








IB 

IB 

IB 











■ 





B 



n 






















la 

■ 



■ 


m 











IB 

IB 

IB 



■ 

IB 

IB 







m 

■ 



■ 







B 



IB 



IB 

IB 




r 

1 

r 







la 

■ 





m 





IB 

B 


B 



IB 

IB 


2^ 


s 

■ 

IB 







Eg 

■ 





B 





IB 



B 



IM 





fl 

1C 

IS 

Ifl 






HH 

B 


■ 

IBB 


B 






IB 


B 





IB 

IB 

IB 

B 

IB 

IB 

C 

Ifl 





Era 

■ 


IB 

i& 

IB 

IB 






IB 


S 





IB 

IB 

IB 

B 

■ 

IB 








■ 


H 

n 

IB 

IB 




V 

-• 








IB 

IB 

IB 

B 

IB 








a 

■ 


IB 

IB 

IB 

IB 

IQ 










IB 


IB 








fl 

fl 

fl 


w. 

■ 

ua 


11 

IE 




1_ 

Lmm 



j. 

■Lm 


■Ml 

IB 


n 


■■■ 



_ 



B 

B 

z 



Chart 5 






















































Chart 6 — Man, aged 38, colored Diagnosis, typhoid fever, admitted on the seventh day of the disease, Widal reaction positive (1 6S0) 
blood culture positive Atropui tests Dose one-thirtieth gram atropin sulphate (hypodermically) 
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TABLE 3 — Tabulated Summary of the Data Recorded on Chart 6 


Number 

Dav of Disease 

Release 

Minute of Appearance 
of Mas.imum 
Release 

1 

8 

102-111 = 9 

33 

2 

11 

100-103 = 8 ' 

35 

3 

10 

102-108 = 6 

39 

4 

20 

99-103 = 4 

24 

5 

25 

92-103 = 11 

38 

6 

32 

87-105 = 18 

36 

7 

36 

100-115 = 15 

33 

8 

44 

82-100 = 24 

31 

9 

51 

80-115 = 29 

25 

10 

65 

98-128 = 30 

25 


TABLE 4 — Summarized Record of the Results Illustrated in Chart 7 


Number 

Day of Disease 

Release 

Minute of Appearance 
of Maximum 
Release 

1 

8 

92- 96 = 4 

! 

33 

2 

13 

73- 76 = 3 


SO 

3 

16 

83- 90 = 7 


27 

4 

21 

64- 76 = 12 

/ 

29 

5 

25 

67- 64 = 7 


29 

6 

20 

66- 78 = 12 


35 

7 

32 

65- 76 = 11 


26 

8 

37 

70-80 = 10 


24 

9 

44 

77-106 = 29 


22 

10 

48 

65- 92 = 27 


42 
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Chart 7 — Male, aged 20, white Diagnosis, typhoid fever, admitted on the seventh day of the disease, Widal 
reaction negative, blood culture negative, Widal positive at a later date Atropin tests Dose one-thirtieth 

giain of atropin sulphate (hypodermically) 
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Chart 8 — Man, aged 25 Diagnosis, typhoid fever, admitted on the fourth 
day of the disease, Widal reaction negative, blood culture positive Atropin 
tests Dose one-thirtieth gram atropin sulphate (hypodermically) 


/ 


TABLE 5 — Results or Atropin Tests Summarized from the 
Findings Recorded in Chart 8 


Number 

D^y of Disease 

1 

Release 

Minute of Appearance 
of Maximum 
Eelease 

1 

5 

94-110 = 16 

32 

2 

10 

1 

86- 86 = 0 

0 

6 

1 14 

I 

7S- 84 = 6 

26 

4 

' 18 

86- 90 = 4 

36 

5 

22 

66- 74 = 8 

34 

6 

26 

64- 80 = 16 

32 

7 

29 

58- 74 = 16 

26 

S 

34 

65- 04 = 19 

31 
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febrile cases release more quickly than the febrile ones This early 
release was very evident with our women who had typhoid fever, and 
largely on that account did we adopt a twenty-minute interval instead 
of a twenty-five minute one before counting the pulse after the hypo- 
dermic injection 

The subjective symptoms after one-thirtieth gram of atropin sul- 
phate hypodermically m the patients having typhoid fever were almost 
ml, and m no case that gave a positive release did we find any pupillary 
changes In the nontyphoid group most of the patients had dilated 
pupils and dry mouths for a short time after the test Otherwise no 
bad effects were noted 

SUMMARY 

Three hundred and six atiopin tests were performed on 109 
patients, 63 typhoid patients or paratyphoid B patients, and 46 on non- 
t 3 ^phoid patients Eleven of the typhoid group cases failed to give the 
reaction This has been discussed previously 

The reaction becomes positive at about the tenth and disappears at 
about the thirty-first days of disease ' 

In the nontyphoid group three cases gave a positive reaction We 
offer no explanation of these findings 

In the diagnosis of fevers of the enteric gioup, we believe the test 
to be of great value, and m many cases undoubtedly precedes the 
Widal reaction 

As a means of diagnosing the syndrome termed vagotonia we 
would suggest the use of atropin in the above manner 
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FACTORS IN RESISTANCE TO TUBERCULOSIS 
WILLIAM F PETERSEN, MD 

CHICAGO 

When the hteratuie dealing with the tuberculin reaction and 
immunity phenomena in general in relation to tuberculosis is surveyed 
it IS rather sui prising to note the decided skepticism which has found 
expression in recent times concerning the more or less current immu- 
nologic conception of the mechanism of the tuberculin reaction Kraus, 
Landmann, Lowenstein and Volk, Aronson, Bessau, to mention only a 
few, have published observations which have led them to doubt the 
adequacy of the antigen-antibody conception The fact that up to the 
present the majoi part of experimental work in tuberculosis has been 
along strictly immunologic lines, without apparently resulting in any 
substantial ad\ance in our knowledge of the disease process or its 
theiapy, is possibly the underlying reason that this skepticism has 
developed, for as yet no other adequate explanation has been put for- 
ward by the various workers which might serve as a basis for the 
diverging \ lev The existing confusion is due in part to the fact that 
immunologic ideas and terms have been maintained and used to express 
phenomena concerned with anaphylactic reactions as well as certain 
ferment changes , m part it is due to the fact that a large share of the 
hteratuie is clinical in character and the observers have reiterated 
fallacious immunologic theories until the repetition has of itself seem- 
ingly carried the weight of uncontrovertible authority, peihaps, too, 
the fact that the effort is made to explain the skin reaction (von 
Pirquet) and the general reaction (subcutaneous) on one and the same 
basis, while as a matter of fact they are dissimilar in many important 
respects, has contributed in no small measure 

The whole trend of the study of tuberculosis has focused about the 
resistance to an established infection The fundamental ideas con- 
cerning the factors in\olved in the establishment of the infection itself 
have been largely accepted, while the forces that protect the individual 
against infection are, from a practical standpoint, so largel}'- social and 
economic that less interest has been attached to them from the experi- 
mental side Until recent times, the idea that resistance to infection 

=*= Submitted for publication June 25, 1917 

♦From the Medical Clinic of Joseph L Miller at the Cook County Hos- 
pital, and the Laboratory of Physiologic Chemistry, College of Medicine Uni- 
\ersit} of Illinois 
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need not depend wholly on specific immune bodies has been largely 
Ignored in experimental work, although the clinician was often com- 
pelled to rely solely on this uncertain factor in his treatment of the 
disease 

The data presented m this paper represent observations along 
experimental lines not immunologic m the usual sense, but having to 
do rather with some of these nonspecific reactions on the part of the 
host If piesented at all, it is with the hope that, howevei inadequate, 
they will be of interest m the mterpietation of clinical problems as yet 
obscure 

For the time being it may be well to keep in mind certain facts 
accepted by recent workers as fundamental to the discussion to follow 
These are the following (1) the cutaneous reaction appears to be 
specific and is related to a definite sensitization, the resistance to this 
reaction need not be specific, (2) the subcutaneous reaction has no 
relation -whatever to antibody concentration of either serum or cells , 
when the disease focus (tubercle) is lemoved the reaction becomes 
negative, the reaction can be elicited by nonspecific methods, (3) 
tuberculin treatment has no specific significance and its beneficial 
effects have no relation to an active immunization The actual demon- 
stration of an increase in antibody concentration m tuberculosis is not 
necessarily associated with favorable clinical results , recovery does not 
depend on the presence of specific antibodies 

CASEATION 

The tubercle bacillus differs from most other organisms in its 
abundant fat and -wax content, some 35 to 45 per cent of the total dry 
weight consisting of hpoid bodies, including waxes, fatty acids and 
neutral fats When such bacteria undergo disintegration in the tissues 
this relatively resistant w^axy material remains in situ for a consider- 
able period of time It happens that these lipoids, being unsaturated, 
piovided their state of dispersion be great enough, act as antiferments 
against tryptic and leukoproteolytic ferments This property of check- 
ing proteolysis depends, therefore, on both a chemical configuration — 
the number of unsaturated carbon bonds available, and on a physical 
basis — the ultimate state of division or dispersion These fat and 
wax bodies probably do not exist free as such either in the living bacilli 
or in the infected tissues after the death of the organisms, but most 
probably as an intimate protein-lipoid combination, that is, a combina- 
tion in the physical rather than in the chemical sense 

As the tubercle bacillus finds lodgment and multiplies in the tissues 
It entails the destruction of a certain number of tissue cells This is 
brought about through the excretion of toxic metabolic products, or 
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possibly through the medium of extracellular bacterial ferments 
Under ordinary pathologic conditions, tissue death is followed by 
autolysis and the removal of the fluid end-products through the vas- 
cular channels It is apparent that this does not take place in casea- 
tion, autolysis is in some way prevented and the necrotic debris accu- 
mulates It is true that the cellular reaction about the tubercle does not 
include polymorphonuclear leukocytes, which, because of their abun- 
dant proteolytic ferment content, liberated when they disintegrate, 
hasten autolytic processes, instead we find lymphocytes, the lipase 
carrying cells But tissue autolysis does not depend on the presence 
of polymorphonuclear leukocytes, and the absence of autolysis in 
caseous foci indicates some inhibitory factor The explanation for 
this IS found in the presence of the unsaturated lipoids derived from 
the tubercle bacilli These are able to bind and inhibit the action of 
any autolytic ferments that may be present and thereby prevent autol- 
ysis That this IS actually the case is readily demonstrated by the 
fact (a) that caseous material when extracted by the lipoid solvents 
viall become digestible by trypsin, (&) that the lipoids extracted will 
act as antiferments and will, when injected into normal tissues, cause 
typical caseous foci Of equal importance is the fact that when case- 
ous material is treated with lodin, which presumably saturates some of 
the unsaturated carbon bonds, tryptic digestion can take place 

In general terms, we can consider the tubercle as a necrotic mass 
consisting of native proteins and of lipoids derived partly from the 
cells and partly from the tubercle bacilli, together with some of the 
higher and less diffusible protein split products Bounding this 
necrotic mass we have to consider connective tissue, endothelial cells, 
lymphocytes and a few polymorphonuclear leukocytes, the whole per- 
meated with the tissue fluid, which in man contains only a moderate 
amount of lipase, some protease and peptidase, and a large amount of 
antiferment, the latter in an amount quite sufficient to overbalance 
any ordinary extracellular proteolytic activity The quiescent tubercle 
represents a balance between the digestive and digestion inhibitory 
forces, that is, it serves as a potential source of toxic split products 
derived from the necrotic material, potential rather than actual, because 
the active autolysis and removal into the circulation of the products of 
autolysis is prevented by the antiferment Any factor that will alter 
the conditions of this delicate balance so that autolysis can occur will 
bring about a toxic reaction, that is, a tuberculin reaction This may 
be brought about if we increase the ferments of the serum, or decrease 
the antiferment of the necrotic focus or of the serum It is apparent 
that such an alteration need have no relation to specificity 
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THE RELATIONS OF THE SERUM ALTERATIONS OF PREGNANCY AND MEN- 
STRUATION ON THE TUBERCULOUS FOCUS 

During the past few years we have become familiar with certain of 
the serum changes that take place during piegnancy With the aid of 
this Icnowledge we can follow the changes that occur m the tuberculous 
process as a result of these definitely understood serum alterations of 
pregnancy, in order to throw some light on the reactions involved 

One of the fiist things that occuis after the onset of the pregnancy 
IS a 1 eduction of the blood and tissue lipases, the fat splitting ferments 
We have, as yet, no knowledge as to the source of these ferments, 
although there is evidence (Stuber) that points to glands of internal 
secretion as involved in the legulation of the pioduction As a sequel 
of this lipase reduction an accumulation of fats and lipoids takes place 
in the blood stream This change m the blood lipoids is both quanti- 
tative and qualitative, as determined by numerous analyses ^ Inasmuch 
as the seium antiferment also consists of these lipoids, those that are 
unsaturated, we can expect an increase in the antiferment titer of the 
serum ® This increase is so constant m pregnancy that the test for this 
antiferment rise has been repeatedly advocated as a test for pregnancy 
The increase comes on early, leaches the maximum at the time of 
labor and then rapidly — from five to seven days — returns to a nor- 
mal level (Chart 1) 

This antiferment use is probably of decided physiologic importance 
in raising the threshold of protein metabolism In 1915, Jobling® 
showed that the rate of nitrogen excretion in the starving rabbit was 
almost inversely proportional to the level of the antiferment titer, that 
IS, if the antiferment was high the rate of protein metabolism was low , 
if the antiferment was i educed, on the other hand, much nitrogen was 
excreted Wilson, in a paper published last year,^ describes the metab- 
olism of the pregnant woman m a way that leads one to believe that 
the relation that Jobling noticed in the rabbit holds good for the preg- 
nant woman, and for a like reason, that is, th’e increase in antiferment 
brings about a positive nitrogen balance 

In the particular case charted (Chart 1, after Wilson) a total 
storage of about 420 gm of nitrogen took place in the five-months’ 
period of observation Even if^the nitrogen of the birth pioducts 

1 Herrmann, E, and Neumann, J Wien klin Wchnschr, 1912, 25 , 1557 
Frankel, S Wien med Wchnschr, 1913, 63, 2198 

2 Franz, R Arch f Gynak , 1914, 102 , 79 V Graff, E , and V Zubrzycki, 
J Ztschr f Geburtsh u Gynak, 1912, 72 , 303 Gammeltoft, S A Gynak 
Rundschau, 1913, 7 , 543 

3 Jobling, J W , and Petersen, W F Ztschr f Immumtatsforsch , Orig , 
1915, 24 , 219 

4 Wilson, Karl Bull Johns Hopkins Hosp , 1916, 27 , 121 
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Chart 1 — Relation of the antiferment during pregnancy to the nitrogen 
metabolism and resistance to tuberculin 
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and that estimated for the hyperplasia of the uterus and breasts is 
subti acted, Wilson considers that fully 285 gm of nitrogen were 
actually stored by the maternal organism in this case 

Immediately after birth the nitrogen balance, as indicated in the 
chart, changes to the negative side, corresponding to the period in the 
metabolism when the antiferment titer rapidly falls, a time too, when 
the uterus must be digested back to its normal size 

The sequence of events — lowering of the lipase activity, accumu- 
lation of lipoids m the serum, increase in the antifeiment titer, check- 
ing of protein metabolism, the retention of nitrogen — seems simple 
and logical 

Coincident with these changes, certain definite alterations occur in 
the titer of the proteolytic serum ferments (a) the ereptase or pep- 
tidase IS increased to from two to four times the normal, throughout 
pregnancy, and remains at a constant level during delivery and the 
puerperal period, when uncomplicated, (&) the protease is increased 
to a small extent early in pregnancy and reaches a maximum immedi- 
ately after delivery In the following table the average values for a 
series of pregnant women gives an idea of this relation (protease) 

Serum Digestion (Chloroform Method at 47 C, 24 Hours) 

Before delivery 0 03 mg per cc 

1st day following 0 08 mg per cc 

10th day following 0 00 mg per c c 

This corresponds in general to the findings of the Abderhalden 
reaction, which is also augmented immediately after the delivery 
Do these serum changes influence a coexisting tuberculous process ^ 
It is an accepted clinical observation that pregnancy, and particularly 
parturition, are decidedly detrimental to the tuberculous woman, the 
most pronounced activity developing as a rule immediately aftei 
delivery or shortly after the puerperium Even early m the preg- 
nancy, cases which have been arrested are apt to give evidence, on 
careful examination, of focal activity while the geneial symptoms may 
remain suppressed 

The reaction involving the balance that has been discussed as 
obtaining m the tubercle may be desciibed somewhat as follows 
During the early stages of piegnancy the piotease begins slowly to 
attack the fibious connective tissue wall of the tubercle, small amounts 
of toxic material are liberated from the caseous focus, this in turn 
causing some local reaction on immediately adjacent tissues This 
effect of the protease is countei balanced to some extent by the coinci- 
dent increase in the antiferment, and also by virtue of the increase in 
the ereptase as a result of which the body is able to take care of a 
certain amount of toxic split products The net result of the altera- 



20 


WILLIAM F PETERSEN 


ARCH INT 


tion of the ferment balance is a condition in which we may have a 
focal activation but also a more or less complete detoxication of the 
patient and feeling of well being This may continue until the time 
of delivery At this period two fundamental changes occur (1) the 
antiferment is diminished, and (2) a marked mobilization of protease 
takes place, both changes that favor proteolysis in the body The 
more resistant connective tissue is now rapidly digested, partly auto- 
lyzed toxic split products as well as bacteria are in consequence 
released and absorbed in some quantity, and the conditions are most 



Chart 2 — ^Effect of menstruation on the temperature curve of the tuberculous 
r\oman (after Pottenger) M day of menstruation 


favorable for the rapid progress of the disease During this time the 
ereptase has not increased, and an accumulation of the toxic products 
may take place because their destruction is delayed In other words, 
the ferment-antiferment balance of the serum has been altered to 
such a degree that the local process is influenced unfavorably 

This explanation along lines of ferment observation coincides 
e\actl> with clinical observation and the underlying facts have been 
established in a number of laboratories 





JANUARY, 1918 


RESISTANCE TO TUBERCULOSIS 


21 


We may now take another example, less complicated, because in 
it the antiferment changes do not take place to any extent and we 
have to deal solely with an increase m the proteolytic ferment It is 
known that the Abderhalden reaction becomes positive in every female 
foi a period varying fiom three days to one week before menstruation, 
then promptly becomes negative again ® The effect of the menstrual 
cycle on the temperature of the tuberculous woman is also a well 
known clinical phenomenon In incipient cases we usually find a 
slight increase in temperature just preceding menstruation, in advanced 
cases a stormy febrile reaction lasting a week or more may be ushered 
in The two charts (Chart 2) which are from Pottenger’s book,® 
illustiate such cases Here again, the proteolytic ferments are evi- 
dently able to attack connective tissue, expose the necrotic foci and 
' with the coincident hyperemia wash into the circulations some of the 
toxic split products that have accumulated 

These two examples — pregnancy and the menstrual cycle — have 
been made use of here simply to make clear the one fact that we are 
dealing with conditions in which immunologic factors, as usually under- 
stood, are not concerned, so that these temperature reactions and 
activation of latent foci need bear no relation to antibody reactions, 
and we may dispense with them for the time being m the discussion 
of these special conditions 

THE TUBERCULIN REACTION 

When Koch introduced tuberculin m the therapy of tuberculosis he 
did so with the clear-cut idea of inducing an active immunization 
Under the method of administration as recommended by him, active 
immunization did occur That is, a demonstrable increase in anti- 
bodies — bactenolysins, agglutinins and precipitins — was noted, but 
despite this augmentation patients frequently went to a fatal termina- 
tion under circumstances that warranted the belief that the tuberculin 
treatment had harmed them 

We have at present no clear-cut evidence that resistance to an 
established tuberculosis is related to antibody concentration of the 
serum or tissues Titze’^ as a result of extensive animal experiments 
says “nothing speaks with any certainty for the fact that the organism 
destroys the invading tubercle bacilli through the agency of antibodies 

5 Baumann, E Monatschr f Geburtsh u Gynak, 1915, 42, 199 Van 

Waasbergen, G H Monatschr f Geburtsh u Gynak, 1915, 42, 230 Kjaer- 
gaard, S Zentralbl f Gynak, 1914, 38, 264 Engelhorn, E, and Wintz, H 
Munchen med Wchnschr , 1914, 61 , 689 

6 Pottenger, F M Pulmonary Tuberculosis, 1908, William Wood & Co, 
New York 

7. Titze Berl Tierartztl Wchnschr , 1912, No 30 
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or of phagocytosis healing is rather to be sought in the fixa- 

tion of the bacilli by the tissues ” Haupt® Schurr,® Citron^® and other 
investigators have come to the conclusion that resistance to tubercu- 
losis does not parallel the antibody concentration 

If, then, tuberculin therapy is a valuable therapy, its eftect probably 
depends on factors that are not related to the specific antibodies 
Bessau^^ has recently reviewed the subject in a helpful manner He 
calls attention to the fact that the tuberculin reaction is not related to 
our ordinary conception of specificity or immunity, because, in the 
first place, we cannot sensitize animals to tuberculin, secondly, that 
tuberculin contains no native protein — only polypeptids — and finally, 
that it has been piactically impossible to transfer passively the sensi- 
tization of tuberculous animals to normal animals (Klopstock,^^ Land- 
mann’^®) Hamburger had recognized the resistance that follows the * 
repeated injections of tuberculin as an antianaphylactic phenomenon, 
nonspecific, independent of dosage, but depending rather on the reac- 
tion induced Bessau rightly emphasizes the differences between the 
general and local reactions to tuberculin, in progressi\e tuberculosis, 
for instance, the geneial reaction may become more pronounced while 
the local reactions may be extinguished, and vice versa While sup- 
posedly a method of active immunization, Bessau declares that the only 
effect is to produce a tuberculin resistance, which in a nonspecific way 
may be of benefit 

Aronson^^ concludes as a result of the extensive investigations that 
he has carried out that tfie tuberculin reaction does not depend on anti- 
bodies , that the general reaction is not specific but is related to the dis- 
integration of leukocytes about tuberculous foci, he concedes that 
there is an element of specificity in the cutaneous reactions This 
latter dedaclion he draws from his experiments with tuberculin 
digested vith pepsin-hydrochloric acid This preparation was still 
able to induce a general but not a local reaction 

To summarize the conclusions of the more recent workers the fol- 
lowing would seem to be the concensus of opinion (a) the clinical 
course need not be influenced by the antibody concentration, (&) the 
tuberculin reaction does not depend on the antibody titer of the serum , 
(c) the general and local reactions are not comparable, {d) and tuber- 
culin does not immunize, but the resistance to tuberculin established 

8 Haupt, H Ztschr f Tuberk, 22, 209, 363, 463 

9 Schurr, J Deutsch Arch f klin Med, 1912, 109 , 112 

10 Citron, J Deutsch Arch f klm Med, 1913, 110 , 184 

11 Bessau, G Munchen med Wchnschr, 1915, 62, 323 

12 Klopstock, F Ztschr f exper Path u Pharmakol , 1914, 15 , 13 

13 Landmann Deutsch med Wchnschr, 1912, 38, 1245 

14 Aronson. H Deutsch med Wchnsch , 1914, 40, 487 
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during tuberculin tieatment may possibly influence the existing tuber- 
culosis in a nonspecific manner 

Two further experiments firmly establish these deductions Bail 
showed that if a tubercle is implanted in a normal animal it at once 
reacts to tubeicuhn with a general leaction, that is, before either sensi- 
tization or immunization could possibly occur More recently Kleni- 
perer’^^ has definitely excluded both the cellular and humoral antibody 
complex in the tuberculin reaction when he demonstrated that, when 
m animals the single tubercle is extirpated, the tuberculin reaction is 
extinguished at the same time This expeiiment is undoubtedly of 
primary importance 

Before entering into a theoretical discussion of the possible mechan- 
ism involved it may be well to briefly review certain facts in regard 
to tuberculin The first of these concern the question as to the speci- 
ficity of the reaction 

SPECIFICITY 

Feistmantel extracted an acid-fast streptothnx and obtained an 
active tuberculin On the other hand, leprous and actinomycotic 
patients are said to react strongly to tuberculin The tuberculous indi- 
vidual will react to many of the following substances injected either 
subcutaneously or intravenously with a typical tuberculin reaction and 
constitutional symptoms, while the nontuberculous individual will 
tolerate equal doses without reaction, these include the following 
Hypertonic salt solution , distilled water , lodids , some colloidal metals , 
protein split products, ferments, immune (tuberculous) serum, heter- 
ologous serums, exudates, photodynamic insults (heliotherapy, roent- 
gen rays, deep red rays, etc ) 

Nor must it be supposed that this nonspecificity is limited solely 
to the general tuberculin reaction Tenzer,^® for example, noted that 
m 73 children, of whom 48 reacted positively to the von Pirquet, 22 
gave a comparable reaction with Witte peptone In another series of 
69, of whom 34 reacted positively to the von Pirquet, 19 gave a reaction 
with cholera vaccine used m place of the tuberculin These nonspecific 
reactions occurred only m the von Pirquet positive children There is 
here distinct evidence that an increased susceptibility of the skin obtains 
which IS wholly independent of specific factors Petersen’-'^ also calls 
attention to this fact, and BurneP® has studied the relation of the skin 
and general reactions m the lower monkeys, noting that while the 
general reaction might be positive m these animals during all stages of 

15 Klemperer, F Beitr z klin d Tuberk , 1914, 30, 431 

16 Tenzer, E Monatschr f Kinderh , 1911, 10, 131 

17 Petersen, H Hospitalstid , 1912, 5, 421 

18 Burnet, E Compt rend Soc de biol , 1912, 72, No 28 
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the disease, the ^km reactions were negative throughout all stages of 
sensitization and disease Observations such as these led Torrenson^® 
to use Witte peptone instead of tuberculin in the treatment of tubercu- 
losis of the skin, his results, carried out on a limited number of 
patients, were satisfactory 

Experiments carried out by Matthes®® more than twenty years ago 
were along similar lines Matthes injected small amounts of albumoses 
into tuberculous guinea-pigs and found that a violent focal reaction 
occurred about each tubercle, followed by profound intoxication, loss 
of temperature and death in a short time In the normal animal only 
a slight and transient rise in temperature was observed These studies, 
really of the utmost importance in the study of the mechanism of the 
reaction, have been generally ignored 

Probably of equal importance is the fact that the von Pirquet reac- 
tion is never augmented by immune tuberculosis serum when it is added 
to the tuberculin immediately before, or when incubated with the tuber- 
culin before innoculation (the serum may be derived from immune 
animals or from patients in the various stages of the disease, with or 
without tuberculin treatment), but is invariably delayed when such 
serums are added (Petrova,®^ Aronson,^^ etc ) The only activating 
substances are hpoidal in nature as described by Bing and Ellermann ®® 

We are piobably justified in concluding that the general reaction to 
tuberculin rests on factors largely nonspecific and that a nonspecific 
element enters also into the cutaneous tests VkHien we turn to survey 
the factors that render the tuberculin reaction negative we find that 
this resistance is wholly nonspecific 

INHIBITION OF THE TUBERCULIN REACTION 

Von Pirquet observed that during measles and streptococcus infec- 
tions the tuberculin reactions became negative, Brandenberg®® found 
this to be true for scarlet fever, and Krannhals®* as well as Ghntschi- 
kow®® observed the same condition in typhoid, pneumonia and acute 
articular rheumatism Cozzolino,®® working with pertussis and Molt- 
schanoff®’^ with diphtheria and serum sickness, also observed this phe- 
nomenon The resistance to tuberculin during and following serum 

19 Torrenson, E G Abst , Ztschr f Immunitatsforsch , 1912, 5, 1020 

20 Matthes, M Deutsch Arch f klin Med , 1894-1895, 54, 39 

21 Petrova, M K Abst , Ztschr f Immunitatsforsch , 1914, 6, 1014 

22 Bing, H J , and Ellermann, V Biochem Ztschr , 1912, 42 , 289 

23 Brandenberg, F Deutsch med Wchnschr, 1910, 36, 561 

24 Krannhals Munchen med Wchnschr, 1910, 57, 836 

25 Glintschikow, W J Abst , Ztschr f Immunitatsforsch , 1916, 8, 509 

26 Cozzohno, O Abst , Ztschr f Immunitatsforsch , 1914-1915, 8, 310 

27 Moltschanoff, W T Jahrb f Kinderh , 1912, 75, 434 
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reactions in children was confirmed by Lmthlem We are evidently 
dealing here with a general state of resistance to the local and in part 
the general tuberculin reactions during practically all the acute infec- 
tions, during certain of the cachectic conditions, and following protein 
shock reactions (serum reactions) 

In order to examine this relation to the pioblem before us we may 
revert to the second figuie or curve in Chart 1 and study the material 
collected by Stern Stern determined that 65 per cent of the women 
at his clinic (nonpregnant) gave a positive tuberculin reaction, that this 
percentage in the pregnant women decreased progressively to term and 
that immediately following delivery the percentage reacting positively 
began to increase until in women in the fifth and sixth day of the puer- 
perium 67 per cent gave the reaction We have here definite evidence 
that a progressive resistance occurs during pregnancy and that this 
, resistance vanishes in a surprisingly short period of time after delivery 
It will be observed in the chart how closely this relation parallels the 
rise in the antiferment titer Stern was familiar with the inci ease in the 
blood lipoid content during pregnancy^ and suggested that the resist- 
ance was due to a binding of the antibodies to theSe lipoid bodies . 
It IS apparent from these observations that the resistance to the tuber- 
culin reaction (both general and local) need not depend on specific 
factors as might be surmised were we to observe it exclusively fol- 
lowing repeated tuberculin injections 

EFFECT OF TUBERCULIN ON THE NONTUBERCULOUS ANIMAL 

We are more or less familiar with the effect of tuberculin on the 
tuberculous organism and are apt to overlook the fact that tuberculin 
may develop marked reactions in the metabolism of the normal animal 
That this IS the case has been demonstrated by Mircoli Mircoli used 
tuberculin and also tubercle bacilli (killed) and injected these in small 
doses into normal experimental animals The injections were followed 
by a short negative phase (especially when the dose was large) during 
which time the animals lost weight as compared to the controls, this 
was followed by a longer period during which the weight of the treated 
animals increased over that of the control animals When repeated 
small doses were given, resistance developed, and the negative phase 
diminished, the animals showing a decided gam in weight as compared 
with the untreated animals 


28 Luithlem, F Wien klin Wchnschr , 1914, 27, 493 

29 Stern, R Ztsclir f Geburtsh u Gynak , 1910, 66, 532 

30 Mircoli, St Pathologica, 1914, 5, 118 
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THE DIKECT EFFECT OF TUBERCULIN ON AUTOLYSIS 

Finally, it has been observed that tuberculin can influence autolytic 
processes directly Pesci®^ added tuberculin (and other toxins) to 
autolyzing organ emulsions and found that the rate and magnitude of 
the process \va=c increased in a degree proportional to the amount of 
tuberculin added This effect seems to have some relation to the 
lipoids of the substrate It is known that the lipoid solvents, including 
alcohol, will, when added to autolyzing organs, reduce the latent period 
of autolysis, presumably by destroying a lipoid-protein combination 
that normally resists autolysis (ChiarP^), and which, under ordinary 
conditions, is only destroyed when a sufficient degree of acidity has 
developed Pesci observed that in his tuberculmized substrate the 
neutral fats and fatty acids tended to decrease within fifteen minutes 
while the soaps increased, as compared to the normal autolysis 
Barlocco®^ obseived a similar lipoid rearrangement during autolysis 
when diphthena toxin had been added to the substrate 

THEORETICAL CONSIDERATIONS 

The facts which have accumulated as a result of both experimental 
‘ and clinical investigation make it apparent that we must seek an 
explanation along lines net necessarily associated with the usual con- 
ception of immunity In the first part of this paper evidence has been 
presented which indicates that the proteolytic ferment and the anti- 
ferment exercise a considerable influence on the tuberculous process 
Is it possible that changes in the ferment-antiferment balance may be 
responsiDle for some of the phenomena observed in the tuberculin 
reaction ^ 

We must keep in mind that tuberculin is not a native protein, but 
consists largely of polypeptids and must essentially be a toxic sub- 
stance, as Tuiban says “A preparation which is nontoxic and yet 
potent, IS unknown ” There is evidence that the activity of the various 
tubei culms is in proportion to their surface tension, which, in so far as 
tissue eftect is concerned, simply means that the more diffusible prod- 
ucts are the more toxic 

In its essentials the tuberculin injection might be supposed to lead 
to the changes which we associate with the typical protein “shock” 
reaction, that is, it would result m (a) a mobilization of the proteo- 
lytic ferments, (&) m a primary reduction followed by a subsequent 
increase in the antiferment titer, and (c) in the development of a non- 

31 Pesci, G Pathologica, 1911, 3, 144, and Zentralbl f Bakt, Part 1 

Orig, 1911, 59, 186 ’ 

32 Qiian, Rich Arch f exper Path u Pharmakol , 1908-1909, 60 , 2S7 

33 Barlocco, A Pathologica, 1911, 3, 7 

34 Kollert, Victor Beitr z Klin d Tuberk, 1914, 30 , 173 
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specific resistance comparable to the “antianaphylaxis” or the “desensi- 
tization” of the immunologist Graphically, these changes can be illus- 
trated as in Chart 3 , that is, following the injection we might expect 
a penod when proteolytic activity is favored — lowering of the anti- 
ferment and increase in the protease — followed by a zone of several 
days’ duration during which time the reverse holds true During this 
latter time the ereptase might be augmented, which theoretically would 
aid m detoxication by eliminating the higher split products 

We know that the use of small doses of tuberculin at definite or 
varied time inteivals has been established in routine as the result of a 
vast accumulation of clinical experience, largely empirical, and we are 


AntiferYneint 


Protease 

Ereptase 


Chart 3 — Schematic relation of serum ferment and antiferment following 
tuberculin injection 

justified m believing that it represents the most favorable method of 
Its use With this method we can undoubtedly produce a tuberculin 
resistance or tolerance in the tuberculous individual, that is, as the 
result of repeated stimulation of this kind the organism becomes more 
and more resistant to intoxication It has been the general impression 
that, because anaphylactic phenomena *are so strikingly specific, the 
resistance following shock is equally specific This, however, is not 
true The most recent work, especially that of Bessau and his asso- 
ciates,®® has shown that antianaphylaxis is practically nonspecific The 
state of desensitization, or the refractory period following anaphy- 

35 Bessau, G, Opilz and Preusse, O Zentralbl f Bakt , Part 1, Ong, 
1914, 74, 162, 310 
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lactic shock, occurs also following the injection of anaphylatoxins and 
similar protein poisons, Vaughn noted the same general phenomenon 
when injecting his protein split products, repeated sublethal doses 
increasing the resistance until one or possibly two times the fatal dose 
could be tolerated 



Chart 4 — Effect of tuberculin injection on serum ferment and antiferment 


It had been observed, first by Rusznjak®® that the serum antiferment 
titer was markedly augmented after anaphylactic shock, to which fact 
Rusznjak in part attributed the increased resistance to the refractory 


36 Rusznjak, S Deutsch med Wchnschr, 1912, 38, 168 
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period Jobling” made similar observations following a variety of 
protein shock poisons and showed, furthermore, that when the antigen 
was mixed in vitro with an antiferment before injection into the animal, 
anaphylactic shock could in many instances be averted It seems rea- 
sonable at any rate to assume that where we are dealing with an intoxi- 



Chart 5 — Serum alteration following tuberculin injection 


cation having its origin in protein splitting in the body, an increase in 
the antiferment, that is, in those substances which inhibit or delay pro- 
teolytic activity, would be one of the factors involved in this resistance 
We could assume that the tuberculin reaction lakes place somewhat 
as follows When tuberculin is injected subcutaneously a'certam num- 
ber of cells are injured and some protease is liberated This, just as it 


37 Joblmg and Petersen Jour Exper Med , 1914, 20, 468 
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takes place physiologically during the menstrual period, is carried to 
the tuberculous focus, and, by digestion there, produces the typical 
focal reaction and with it a liberation of toxic material and general 
malaise We must keep in mind, too, the possibility of the direct 
activating influence of the tuberculin on autolytic processes At any 
rate we deal not with a condition of sensitization of the tissues of the 
body as a whole, but solely with the slight breaking down of tubercu- 
lous tissue at some point, the degree depending on the relative amount 
of ferment mobilized, on the relative vascularization, and on the amount 
of connective tissue that protects the focus Thus, the reaction would 
be negative in the nontuberculous, for here, when a ferment mobiliza- 
tion does occur it finds no pathologic focus to attack, no protein is 
broken down and no febrile reaction occurs In the tuberculous patient 
we have, furthermoie, a cumulative effect when the ferment-antifer- 
ment balance is altered, because the liberated toxic material will add 
a secondary protein shock which is lacking in the normal person 

While it IS apparent from these considerations that we may be 
dealing with a reaction that is nonspecific, in that the means used to 
elicit it are not specific, it is immediately apparent that the reaction 
itself resulting from the stimulation of the tuberculous focus implies 
a specific stimulation in the true sense of the term, in that disinte- 
grating bacilli, and possibly even living bacteria, are absorbed from the 
focus, whether that focus is stimulated as a result of heliotherapy, of 
immune serum, of lodin or of tuberculin As far as immunologic 
investigation has gone it seems certain that immunization brought* 
about as the result of the incorporation of whole organisms, either 
living or dead, has given the most satisfactory results in protection 
experiments It is essential at any rate to keep in mind this dual effect 
of the tuberculin reaction, the specific phenomena following in the 
wake and as a result of the effect of the nonspecific reaction 

REPORT OF EXPERIMENTAL CASES 

Case 1 — F L , male, white, aged 18 years, had tuberculosis of the kidney 
(kidne}-- removed six months previously) Cystoscopic examination revealed 
tuberculosis of the bladder There was no active pulmonary involvement One 
mg old tuberculin was given subcutaneously at 10 a m Serum taken at 10 
and 11a m , 10 p m and 10 a m the following day The examination of 
the serum revealed the changes in the ferment titer charted in Chart 4, A 

It will be noted that the antiferment titer was diminished bj^ evening, when 
the maximum temperature was recorded The protease increased from 0 to 
0 27 mg per c c during this time, while the peptidase, which was originally 
fairly strong, increased to about twice the original titer This increase was 
not maintained the following day Two weeks later a second injection (2 
mg O T ) was made and similar serum alterations followed this injection 
(Chart 4,B) 

Case 2 — V, man, white, aged 52, had unilateral pleurisy with a large 
amount of hemorrhagic exudate, which was withdrawn by puncture The 
clinical course was afebrile, with occasional periods of temperature to 100 F 
for one or two days He was given 1 mg O T subcutaneously. No increase 
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of temperature was obsen^ed, but considerable malaise and headache followed 
The serum alterations have been recorded in Chart 5 There was a distinct 
decrease in the antiferment for several hours after the injection, then a slight 
increase in the evening The protease increased following the injection No 
clinical effect was observed from the small dose used 

For comparative purposes the followmg two cases are of interest 

Case 3 — R , a white man, aged 45 years Physical findings revealed 
bilateral pulmonary involvement with cavity formation, but absence of tubercle 
bacilli in the sputum There was a considerable range of temperature, marked 
cough and expectoration He was given 1 mg O T subcutaneously This 



Chart 6 — ^Antiferment alteration in case unfavorably (a) and favorably (&) 
influenced by tuberculin 


was followed by a rise in the temperature as well as physical findings of focal 
activation, which continued for several days Clinically this patient was not 
improved after the injection, indeed, the general feeling of malaise and dis- 
comfort seemed increased 

When the antiferment curve is examined (Chart 6, A) it will be 
observed that the decrease persisted for a considerable time and even 
after three days had not returned to the original titer When con- 
trasted with the followmg case this fact is of interest 
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Case 4 — F B , a white man, aged 40, with arrested bilateral apical lesions 
and general visceroptosis, entered the hospital because of gastric distress The 
temperature curve was persistently subnormal He was given 2 mg O T sub- 
cutaneously, followed by no temperature or constitutional effect It will be 
noted that the aiitiferment (Chart 6, B) after the initial decrease, reached a 
level that was considerably higher than before the injection 



Chart 7 — Serum alteration following tuberculin injection 


The serum changes that occur following the injection in a fairly 
active case with well defined clinical improvement following the injec- 
tion are illustrated in Chart 7 
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Case 5 — 0 V, a white man, aged 24, had tuberculosis of the peritoneum 
He entered the hospital with a considerable febrile temperature range, emaci- 
ated, and with a large exudate in the peritoneal cavity, which was removed at 
two separate times With rest the patient improved progressively until the 
temperature remained practically normal At this time he was gi\en 1 mg 
O T subcutaneously which was followed by a sharp temperature reaction 
(101 F ) Blood samples had been collected at several periods previous to 
the injection, they were also taken in the evening of the day of injection, the 
following morning and on the third day following 

It will he observed that the antiferment increased considerably and that 
the rise persisted for at least three days after the injection The protease 
was not determined but the ereptase increased after the injection and continued 
at a high level for the day following The patient said he felt improved, and 
objectively seemed so 

In several syphilitic cases the seium alterations following the tuber- 
culin injection (2 to 5 mg O T ) have been similar m character 
In fifteen cases m which the serum reaction has been studied fol- 
lowing tuberculin injection, of which the charted cases are representa- 
tive, either one or more of the ferment-anti ferment changes suggested 
as possibilities m the theoretical discussion, have been obseived The 
decrease in the antiferment has been found to be the most constant 
alteration, m the cases unfavorably influenced by the tuberculin no 
increase followed the original decrease , m the cases clinically improved 
a well-marked rise usually follows The changes m the ferments — 
protease and ereptase — are less constant, but usually at least one of 
these ferments makes its appearance, the ereptase m particular being 
increased in the cases which give evidence of benefit from the reaction 
It might seem warranted to consider the tuberculin reaction as a 
two-phase phenomenon m the tuberculous individual The primary 
alteration of the ferment-antiferment balance brings about a medium 
favorable for pioteolysis in and about the tubercle Digestion and the 
liberation of toxic material result and are reflected m the constitutional 
effects In the nontuberculous individual it is probable that the pri- 
mary serum alterations also occur, but the digestive ferments, finding 
no focus to attax:k, liberate no toxic material and no general reaction 
IS elicited 

CORRELATION 

From the evidence presented it seems probable that the ferment 
mobilization, however produced, will influence the tuberculous focus 
and bring about a general reaction if the digestion be of sufficient 
degree From this point of view we can understand the undeniable 
lack of specificity associated with the general reaction , any agent that 
will bring about a ferment-antiferment balance favorable for proteol- 
ysis will effect a general reaction provided the focus be sufficiently 
unstable That the various vaccines, protein split products and even 
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inert physical agents will do this has been demonstrated Similarly, 
Pfeiffer®® observed such changes following burns of varying intensity, 
making it apparent why, when a patient during the course of helio- 
therapy bums to a moderate degree, a tuberculin reaction with focal 
and general effects may result Conversely we can understand that in 
any infectious granulomas in which a balance exists similar to that 
obtaining in the tubercle, the injection of tuberculin will be followed 
by a marked febrile reaction 

If we assume that proteolytic factors enter also into the local cuta- 
neous reactions, then an increase in the antiferment would operate to 
oppose such a reaction and render it negative This seems evident 
when we keep in mind the increase m the antiferment that takes place 
during the course of a physiologic process (pregnancy), during disease 
(acute infections) and following induced protein “shock” or tuberculin 
reactions, and the inhibition of the tuberculin reactions during these 
conditions In the late stages of tuberculosis this same increase in 
antiferment is observed (coincident with the decrease in the lipases 
Marutaew,^® Bauer^^), and the local reactions to tuberculin become 
less evident while the general reaction may become more severe 
because of the lability of the numerous foci The participation of the 
proteolytic ferments in the local reactions is also made probable in that 
any antiferment added to the tuberculin before its local application 
(sodium oleate and serum) will invariably delay the reaction The 
recent work of Sherrick,'*® of Stokes^® and of Burroughs and Ney- 
mann'*^ will, however, probably materially modify our present con- 
ception of skin reactions, so that any discussion at present is out of ) 
question in this particular domain Sherrick observed that he could 
obtain a positive luetin reaction in all iodized patients, and that the 
injection of agar and starch gave a reaction as well He noted that a 
patient who under normal conditions reacted to the luetin with a diffuse 
areola went on to complete pustule formation under lodids This work 
has been repeatedly confirmed For reasons given early in this paper 
we assume that the lodin and lodid act therapeutically, by lowering the 
antiferment of the blood and tissues when given in gradually increas- 

38 lobling, Petersen and Eggstem Jour Exper Med , 1915, 22, 597 

39 Pfeiffer, H Ztschr f Immunitatsforsch , Ong , 1915, 23, 473 
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42 Sherrick, J W The Effect of Potassium lodid on the Luetin Reaction, 
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mg doses/® and from this point of view the observations made by 
Shernck and others are readily understood, in that a lowering of the 
threshhold of proteolysis would bring about a condition when instead 
of the luetin producing a simple inflammatory reaction, the process 
would go on to complete pustule formation and necrosis when the anti- 
ferment “brake” was released The observation of Burroughs and 
Neymann is of equal importance in that they have demonstrated that 
amino-acids m sufficient concentration may be toxic for cells Inas- 
much as the rate of diffusion m the cutaneous tissues is slow, it is 
readily understood that a sufficient concentration of such lower split 
products might accumulate and result in toxic manifestations quite 
different fiom those observed when dealing with the organism as a 
whole 

The alterations following tuberculin therapy probably bring with 
them two general effects (a) the- rate of nitrogen metabolism is 
decreased and a storage of nitrogen may result, as indicated m the 
work of Mircoli, (&) the reaction, even if local and without apparent 
constitutional effect, increases the antiferment gradually and in this 
way not only increases the resistance to following injections, but 
increases the resistance at the focus against digestion and intoxication 

With this idea in mind one can imderstand why many clinicians 
have, as a result of clinical experience alone, come to realize that in 
tuberculin therapy they are not dealing with a specific effect and are 
not primarily immunizing the patient against the tuberculous infection 
The nonspecificity of the reaction that follows tuberculin injections 
has recently been taken advantage of by Browning^^ m dealing with 
patients highly susceptible to tuberculin, who nevertheless insisted on 
tuberculin treatment In such cases Browning has found that by 
interpolating several doses of typhoid and other vaccine, he was able 
to increase the following tubeiculin doses very materially without 
undue reaction on the part of the patient 

It IS interesting to recall in this connection that tuberculin can be 
used interchangeably, to a certain degree, with other agents that bring 
about an alteration m the ferment-antiferment balance and thereby 
induce therapeutic effects One needs but mention the use of tuber- 
culin in syphilis (Biach^®) and the effect said to be noted in paresis 
(von Wagner'*®) The results of von Wagner have been confirmed from 
many sources (Dollken,®® Battistessa®^ and Jukow®^) We have, fur- 

46 Jobling and Petersen The Therapeutic Action of lodin, The Archives 
INT Med , 1915, 15 , 286 

47 Browning, C C Los Angeles (Personal communication) 

48 Biach, M Wien klin Wchnschr, 1915, 28 , 1345 

49 Von Wagner Wien med Wchnschr , 1909, 59, 2125 

50 Dollken Berl klin Wchnschr , 1913, 50, 962 
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52 Jukow, N A Abst , Ztschr f Immunitatsforsch , 1913, 7 , 558 
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thermore, to keep in mind the well-known phenomenon of the activa- 
tion of tuberculous lesions in diseases associated with an increased 
amount of proteolytic ferments m the serum, as, for instance, m 
dementia praecox and in carcinoma, Lubarsch having called attention 
to this latter fact 

ANIMAL EXPERIMENTATION 

Inasmuch as practically all of the experimental work in tubercu- 
losis has been done on the smaller experimental animals (guinea-pigs 
and rabbits) it may be well to discuss briefly the relation of the serum 
ferments in these animals and the effect on the tuberculosis problem 

Guinea-pig serum (and also rabbit serum, to a lesser degree) dif- 
fers widely from the human in containing much less antiferment, more 
lipase and vastly more proteolytic ferment — both protease and erep- 
tase Under such conditions we should expect that the connective 
tissue fixation and encapsulation would be made more difficult because 
of the pronounced digestive effect of the serum On the other hand, 
abscess formation might be expected to lead to caseation even with 
nontuberculous processes (the leukocytes of the gumea-pig contain no 
leukoprotease) if the permeability of the focus is not sufficient to per- 
mit the free entrance of serum These are of course the actual con- 
ditions to be observed in pathologic conditions in these animals and 
constitute one of the chief reasons why the results of animal experi- 
mentation cannot be applied with any degree of certainty to the tuber- 
culosis of man 

It IS only when serum alterations are produced in the guinea-pig 
so that it resembles the condition in man that the picture of the tuber- 
culous process offers a similarity to that of the human form Helen 
Baldwin and Ehse L’Esperance°® have recently published observations 
that are of interest in this connection By producing an occasional 
protein shock (with typhoid vaccine) they found that the treated ani- 
mals gained in weight over the control animals, and that the tubercu- 
lous lesions showed a marked fibrosis, an appearance quite unusual in 
the tuberculosis of these animals The results are probably to be 
accounted for by the decided increase in the antiferment following 
such typhoid injections, which would tend to preserve the connective 
tissue encapsulation and thus aid in the fixation of the bacteria 

Experiments such as these serve to bring out the fact that a sharp 
difference exists between an immunity against the establishment of an 
infection and the resistance to an infection already established The 
guinea-pig, practically immune to spontaneous tuberculosis, possibly 
just because of the abundance of the serum ferments, by this very 
fact IS enabled to offer little resistance once the infection is established. 


53 Baldwin, Helen, and L’Esperance, Elise Jour Immunol, 1917, 2, 283 
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because the unfavorable serum balance prevents the fixation of the 
bacteria by connective tissue Under such conditions immunization per 
se will have no practical effect on the development of an established 
infection, whereas a protein “shock” reaction as carried out by Baldwin 
and L’Esperance does seem to influence the pathologic picture to a 
considerable degree, offering one of those instances in which thera- 
peusis along nonspecific lines may possibly offer more benefit than 
therapy carried out with strictly specific end objects 

THE RELATION TO THERAPEUSIS 

The probable basis for the therapeutic effect of tuberculin has been 
discussed along the lines of the ferment alterations Clinical use has 
varied from overindulgence to underindulgence, with the final estab- 
lishment of the small dose in ordinary routine There is, however, 
some evidence that occasional larger doses, with constitutional effects, 
may m certain instances be of greater benefit than the continual use 
of the very minute doses commonly m use Such authorities as 
Bandelier and Roepke,®^ for instance, call attention to the feeling of 
well being and the objective clinical improvement that may follow such 
a general reaction in some individuals The difficulty in predetermin- 
ing just which cases may so react probably makes the current method 
of administration more suitable for routine use 

It may be of interest to note in how far more or less established 
empirical therapeusis has followed along lines that influence the 
ferment-antiferment balance This can be divided into two general 
groups, the first having to do with fats and lipoids of various kinds 
Czerny^^ in a very interesting paper has presented evidence that the 
immunity of the nursing infant to many of the ordinary infections is 
not due to immune bodies furnished m the milk of the mother, but is 
closely related and dependent on the fat constituents of the milk, which 
in some manner augment the resisting power of the infant Among 
empirical remedies used in tuberculosis, fats have played a large role, 
including the highly unsaturated fish oils, milk, cream and the yolk of 
eggs , the use of phosphorus must be included in this category In 
the consideration of the value of just these substances it is interesting 
to recall that Fermfi’'^ noted the antiferment property of milk and eggs 
many years ago, and it can be demonstrated experimentally that the 
antiferment of the lymph is gradually increased after a meal of milk 

54 Bandelier and Roepke Lehrbuch der spec Diag u Therap d Tuberk, 
Ed 8, Wurzburg, 1915 
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Braunstem and Kepinow®® found that phosphorus increased the anti- 
ferment, and the increase in the antiferment following the continued 
use of the unsaturated oils seems logical considering the probable con- 
stitution of the antiferment lipoids The feeding experiments of 
Weigert’’®’ are also of interest in this connection 

It IS not within the range of this paper to discuss the relation of the 
lipases to the tuberculous infection, although the subject is intimately 
bound up with this particular phase of therapy and as such has been 
discussed by the Russian workers,**® who seem to have devoted con- 
siderable study to the therapeusis of tuberculosis by means of the fat 
substances Briefly, this therapy might be described as a method to 
increase the antiferment, to check proteolysis at the focus, and aid in 
the conservation of the connective tissue of the scar 

The second school, the foremost advocates of which we find among 
the French clinicians, has placed greater reliance on lodin and its com- 
pounds, but chiefly on free lodin ‘*^ Apparently such therapv has 
decided value in glandular tuberculosis, and with apparent reason By 
this method of therapy the antiferment is probably reduced^** and the 
connective tissue reaction about the focus lessened so that a slow and 
gradual exposure of the focus follows If this focus be in lymphatic 
tissue where lipolytic activity is provided by the lymphocytes, the 
tubercle bacilli are probably destroyed when they are exposed to such 
activity , if the focus is in pulmonary or other nonlymphatic tissue the 
effect of the lodm may simply be in the nature of an autotuberculiniza- 
tion, in which digestion is first aided, then checked by the antiferment 
reaction that follows the digestion Theoretically, this seems ideal 
therapy in the early case in which the body is able to withstand a cer- 
tain amount of intoxicating material gradually absorbed 

If in this paper certain of the ferment and antiferment changes 
have been dwelt on, it has not been done with the idea that they 
represent the exclusive factors that effect the tubercle in its relation 
to the host The digestive factors are at best but one of the many 
complex balances that have a role in the adjustment of the infected 
organism to the parasite, but having such a role, it may be well to keep 
the effect of these ferments and the antiferment in mind when we wish 
to study the effect of therapeutic measures on the pathologic process 

58 Braunstein and Kepinow Biochem Ztschr , 1910, 27, 170 
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BALTIMORE 

The term “lipodystrophia progressiva” was first applied by Arthur 
Simons to a syndrome as described by him,’^ in 1911 

This condition is rather uncommon Up to the present about 
twenty-four cases have been reported and the only case in American 
literature I have been able to find has been published by Herrman “ 
The most recent and comprehensive review of this subject is by '' 
F Parks Webber,® who has collected all the reported cases and clearly 
discusses this condition, its probable causes, its course, the outlook in 
the various cases, and has reviewed them up to the time of his article 
and also several cases with which he was familiar but which had not 
yet appeared in the literature 

Lipodystrophia progressiva is a term applied by Simons to a syn- 
drome beginning most frequently between the fifth and twelfth year, 
and chiefly affecting females In this condition, there occurs a gradual, 
progressive emaciation, beginning m the face and progressing down- 
ward, involving the neck, shoulders, trunk and upper extremities, with, 

111 most reported cases, an increased deposit of fat in the buttocks, 
thighs and — sometimes — • the legs The gradual disappearance of fat 
progresses until the appearance of the face is most characteristic The 
cheeks become sunken, the eyes deeply set, tfie malar eminences prom- 
inent, the temporal regions sunken When the patient smiles, the cheek 
IS thrown into deep folds and the face generally has a cadaverous 
appearance The neck becomes thin, the clavicles and scapulae extend 
prominently forward The intercostal spaces are well marked, the 
breasts are pendulous and, owing to the disappearance of the fat, hard 
and nodular 

In contrast to this wasted appearance of the upper extremities and 
face, below the line of the iliac crests the individual presents a 
plump appearance, in some of the reported cases, even amounting to 
grotesqueness 

Usually, the attention of the family is first called to this condition 
by the emaciation which takes place m the face, and the fear of some 

Submitted for publication Aug 4, 1917 

1 Simons, Arthur Ztschr f d ges Neurol u Psychiat , Berlin, 1911 
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disease prompts them to seek medical advice The patients themselves 
complain little or not at all In the advanced cases, there is sometimes 
a complaint of a feeling of chilliness and excessive perspiration, m 
other cases, a wtakness or nervousness 



Fig 1 — Author’s patient at the age of S 

The condition, in all reported cases, progresses for a certain time 
and then seems to be arrested The ages, in reported cases, vary from 
6 or 8 years to 39, the latter being the case of M Laignel-Lavastine 
and Viard ^ 



Fig 2 — Author’s patient at the age of 8 


In all the cases there is a gradual progression of the emaciation of 
the face, upper extremities and trunk and increase in size of the lower 
extremities over a period of ten to twenty years, after which there is 
spontaneous arrest 

4 Laignel-Lavastine and Viard Nouv iconog de la Salpetriere, 1912, 25, 
473 (with plate) 
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In the two cases repoited by J Htisler^ which occurred in male^ 
beginning in early childhood, there was no corresponding increase in 
the size of the lower extremities It seems to be the opinion of most 
of those who have reported these cases that this increase m the deposit 
of fat m the pelvic legion and lower extremities is rather a charac- 
teristic of the female sex It is my opinion that this characteristic is 
accentuated by the eiforts made to overnourish the patient to counteract 
the wasting which takes place in the upper portion of the trunk, 
face, etc 

Much speculation has resulted as to the cause of the condition 
one author regarding it as secondary to tuberculosis, others as being . 
the result of abnormal functioning of the sympathetic system Most 
authorities think theie is some relationship between this condition and 
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Fig 3 — Author’s patient at the age of 10 

abnormal functioning of the endocrine glands It would, however, 
appear to me that this condition is closely related to the muscular 
dystrophies , that here one deals with dystrophy of fat tissue and m the 
latter, a dystrophy of muscle tissue If this be the case, we are 
dealing with an abiotrophy The condition does not seem to influence 
the duration of life Examination of the skin and subcutaneous tissue 
m the emaciated areas shows the only pathologic change that has 
taken place to be an almost complete disappearance of fat 

Microscopically, traces of fat are found in the sebaceous glanda 
and around the hair roots In Simons’ article® there are most excellent 
illustrations m which there is a comparison made between the sections 
of skin taken from the patient suffering from lipodystrophia progres- 
siva and a markedly emaciated patient suffering with tuberculosis 


5 Husler, J Ztschr f Kmderh , 1914, 10, 116 

6 Simons, Arthur Ztschr f d ges Neurol u Psychiat , 1913, 19, 377 
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These illustrations show very cleaily that even m the most emaciated 
individual theie still remains some fat which can be-readily demon- 
strated microscopically beneath the skin, whereas m a patient with 
lipodystrophia progressiva, there is practically an entire disappearance 
of fat in this same region 

Lipodystrophia progressiva must be differentiated from emaciation 
due to diseased conditions, such as tuberculosis, cancer, intestinal 
disease, nephritis, cardiovascular diseases, etc This can readily be 
done by proper examination It must be differentiated from facial 
hemiatrophy , from the emaciation that may occur in hyperthyroidism, 
at puberty, in the period of lactation, the menopause, etc 



Fig 4 — Front and profile face views of author’s patient 


Usually, if this condition is thought of and proper examination 
made, there is little difficulty in its diagnosis The condition is slowly 
progressive and is limited to the fatty tissue of the face, neck, upper 
extremities and trunk , the muscles, bones, skin, vascular system, etc , 
not being affected 

The outlook as to life in these cases is extremely good, death, 
when it occurs, being due to some intercurrent condition The con- 
dition usually advances for a number of years and then there is a 
spontaneous arrest It does not interfere with the functional capability 
of the various organs or with pl^sical or intellectual activity 
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The case repoited by Herrman- existed for many years The 
patient married and had several healthy children Apparently, the 
chief objection to the condition is a cosmetic one In the first case 
reported by Simons^ the condition occurred in a dancer, and owing 
to the marling of her facial attractiveness, it interfered with her 
livelihood 

All sorts of treatments have been tried the administration of the 
various glandular extracts, massage, electricity, tonics, overfeeding, 
hydrotherapy, etc It would seem as if they were of but little use in 
allaying the progress of the condition After a time, there occurred a 
spontaneous arrest For cosmetic purposes, the injection of paraffin, 
fats and the transplantation of fat have been employed (Hollander") 

REPORT OF A CASE 

The patient, T M, aged 15, a schoolgirl, ^\as seen in consultation with 
Dr R Tunstall Ta 3 lor, and examined in Maj', 1917 

The patient has the facial appearance of a very much older woman She 
complains of a change in her facial appearance which has been progressive 
during six or seven years, her face growing thinner and thinner Her shoul- 
ders, upper arms, chest and trunk have also become thinner, whereas her 
hips and legs have become fatter These changes ha\e been slowly but gradu- 
ally progressing, as far as she and her mother can recall, for the past six 
or seven years 

Family History — The father, aged 43, is healtlij', not nervous One paternal 
uncle IS very nervous Her mother, aged 39, is healthy, and very nervous The 
patient has two brothers aged 9 and 12 years, and one sister aged 14 The 
brother aged 9, has epileptiform seizures of recent occurrence The other 
brother and sister are health} There is no history of tuberculosis, cancer or 
chronic disease 

Past History — The patient is the oldest child in the family Her birth was 
norjnal Following the birth of this child, the mother developed septicemia 
and was very ill, and this child was artificially fed, had gastric disturbances 
until the milk was properly modified She teethed and walked at the normal 
time At the age of 4 years the child had adenoids removed, at the age of 8, 
had scarlet fever accompanied by discharge from both ears Between the 
eighth and ninth year she was operated on, having tonsils and adenoids removed 
At the' age of 9 years she first attended school At the age of 10 years, she 
had whooping cough and at the age of 12 had measles There is no history 
of trauma Habits of living and diet are especially good 

Menstrual History — Menstruation started at the age of 11, is regular, for- 
merly painless, but lately there is some pain connected with the function 

Present Illness — Between the eighth and ninth years the mother first 
noticed that the child's face and neck were thin, for which she gave her 
a tonic, and as she did not improve, she was taken to a physician who advised 
a special diet This was carried out for about one year Despite this, the 
wasting of the face continued Gradually this wasting was noticed in the 
shoulders, arms, chest, back and abdomen At the same time it was observed 
that the hips, thighs and legs were large and plump There are absolutely no 
other complaints The patient is athletically inclined and popular with her 
companions Her appetite is good She is happy, more or less constantly busy. 


7 Hollander, Eugen Munchen med Wchnschr , 1910, 57, 1794 
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has no aches or complaints, sleeps well, and if it were not for the appearance 
of her face, would be perfectly contented 

Physical Examination — Height, May 13, 1917, 4 feet 11% inches, weight, 
90 pounds without clothes 

Measurements — Biceps, right, 8 inches, left, 8% inches, forearm, right, 9 
inches, left 8% inches, wrist, right, 6 inches, left, 6% inches, thigh, right, 
19% inches, left, 19y8 inches, calf, right, 12% inches, left, 12% inches, ankle, 
right, 7% inches, left, 7% inches, chest over mammary glands, 28% inches, 
chest below mammary glands, 26 inches, waist, 23 inches, around crest of 
ilium, 23% inches, over anterior-superior spine, 26% inches, buttocks (greatest 
dimension), 33% inches 

The patient’s face presents the appearance of a very emaciated, middle-aged 
woman, without being wrinkled The eyes are sunken , cheeks and temple fossae 
hollow, neck thin, with muscles standing forth prominently When she smiles 
deep folds form around the angles of the mouth running upward toward the 
zygomas On palpating a fold of the skin in her cheek one is immediately 
impressed with its extreme thinness The facial appearance is almost cadaverous 

The chest walls show well marked intercostal spaces The shoulders are 
angular, with bony prominences on the clavicles, and the scapulae well defined 
The spinous processes of the vertebral bodies extend prominently forth The 
breasts are slightly pendulous and somewhat nodular The axillary and pubic 
hair IS well defined 

Below the iliac crests, the patient presents a quite dilferent appearance 
The buttocks are large and covered with a thick layer of fat, the thighs are 
large, well rounded with the development of much subcutaneous fat The 
knees are dimpled and the calves of the legs large 

The skin is soft, elastic and of normal color, except on the face, where it 
appears paler than normal There are no scars, indurations, etc The skeleton 
IS normally developed Roentgen-ray examination of the skull, spine and upper 
extremities reveals no abnormalities The joints are everywhere freely movable 

The head is well formed, ears set well, eyes set far back in the orbits 
The tongue is clean, protruded m the midline The patient has several teeth 
m bad condition, but this has been of very recent occurrence — within the 
past SIX months 

Chest — Examination of the heart and lungs reveals absolutely nothing 
pathologic Examination of the abdomen is negative, with the exception of 
a slight increase m the liver dulness, which extends one inch below the costal 
margin The splenic dulness is also slightly increased 

Roentgenographic and fluoroscopic examination of the stomach shows it to 
be of the fish-hook type, prolapsed below the crest of the ilium in the upright 
position The stomach, at the time of the examination, was actively con- 
tracting, emptying itself m three hours, the hepatic flexure of the colon is 
prolapsed, the first portion of the transverse colon being persistently fixed in' 
the cecal region There is a marked twenty-four-hour stasis There is gastrop- 
tosis and enteroptosis (Dr Walton, roentgenographer ) 

Eye, Eai, Nose and Throat Examination — ^There is slight retraction of both 
eyelids Convergence is normal, eye motions are normal, extra-ocular struc- 
tures are normal The pupils are active and equal The fundi and fields are 
normal Vision, right, 15/9, left, lS/9 Both eyes are emmetropic 

The nasal examination was negative 

Both ear drums are normal Hearing for the tuning fork is normal Large 
piece of tonsil tissue on the left side, and a fairly large sized mass on the 
right side (Dr William Tarrun ) 

Urine Single specimen, specific gravity 1011 It is light yellow, clear, 
acid, with a faint trace of albumin Sugar and blood are negative Micro- 
scopically there are many epithelial cells, with an occasional white blood cell 
There are no casts or red blood cells A twenty-four hour specimen comprised 
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LYPODYSTROPHIA PROGRESSIVA 

470 cc Specific gravity, 1014, urea, 9 75 gm , chlorids, 5 gm Otherwise 
negative 

Blood May 9, 1917 The Wassermann blood test was negative, hemo- 
globin, 90 per cent , leukocytes, 8,000, red blood cells, 4,320,000 Polymorpho- 
nuclears, 54 per cent , small Ijmphocytes, 25 per cent , large lymphocytes, 15 
per cent , eosinophils, 2 per cent , laige mononuclears, 3 per cent , transitionals, 
1 per cent 

Sputum None obtained 

Stomach contents A double test meal given at 7 and 11 a m and drawn 
at 12 shows much undigested material, especially egg yolk and starch granules 
Free hydrochloric acid, 24 degrees, total acidity, 68 degrees, blood and bile 
negative 

Stool Clay colored Bile and blood are absent There is an abundance 
of free fat present Otherwise negative 

Renal function Phenolsulphonephthalem, first hour, 151 c c , 69 per cent , 
second hour, 40 c c , 9 per cent 

Blood Pressure Systolic, 105, diastolic, 55 

Sugar Tolerance May 12, 1917, 150 gm given without appearance in 
the urine May 13, 1917, 200 gm given without appearance m the urine 
Pelvic Examination Special examination was not made 
Neurologic Examination Motor function, muscle power, tone and volume 
are normal 

Owing to the fact that this young woman is athletically inclined, there 
is remarkably good development and strength of her muscles The muscles in 
the upper extremities, shoulders and neck all stand forth prominently There 
are no abnormal movements, electrical reactions are normal Coordination of 
the upper and lower extremities, normal 

Reflexes All tendon reflexes are slightly increased The superficial reflexes 
are all about normal The Babinski reflex is absent 

Sensory Functions There is absolutely no disturbance of sensation in any 
of Its qualities The stereognostic sense is normal 
Vasomotor System Nothing abnormal was noted 

Trophic Function Theie is marked absence of subcutaneous fat in the face, 
neck, shoulders, arms, chest, abdomen and back, also a marked increase in the 
subcutaneous fat in the buttocks, thighs, calves and legs 
The organic reflexes are normal 

Mental Examination — This shows an exceptionally intelligent young girl, 
who IS quick and alert but somewhat emotional, inclined to be moody and 
rather sensitive She sleeps rather lightly and is easily disturbed during the 
night 

CONCLUSION 

The various diseases which might occasion wasting and those 
diseases in which atrophy of the bone, muscle, etc , occur were taken 
into consideration and m the absence of physical signs and symptoms 
they were excluded and a diagnosis of lipodystrophia progressiva was 
arrived at 

1810 Madison Avenue 
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THE EFFECT OF VARIOUS NEUTRAL SOLUTIONS ON 
GASTRIC DISCHARGE, GASTRIC SECRETION 
AND DUODENAL REGURGITATION^ 

W E MORSE, AB, MD 

CHICAGO \ 

In a recent publication^ attention was called to various conflicting 
experimental and clinical observations concerning the relation of acidity 
of gastric contents to the rate of gastric discharge In general, physi- 
ologic literature supports the theory that an acid reaction is essential 
to and hastens gastric discharge up to an optimum acidity of from 
0 15 to 0 25 per cent Some clinical observers find that so-called hyper- 
acidity increases gastric motility, while others consider it a contributing 
factor in stasis and gastric dilatation Motility is often unimpaired in 
cases of achylia gastrica Our investigations showed (1) that watei 
is discharged from the fasting stomach of anesthetized pithed dogs 
more rapidly than any percentage of acid, (2) the rate of discharge is 
decreased with increase of acidity, (3) duodenal regurgitation as evi- 
denced by increase in the contents of the stomach often occurred at 
0 2 per cent acidity, and in nearly all trials occurred at or before 0 3 per 
cent acidity was reached, (4) increase m acidity augments the fre- 
quency and amount of regurgitation from the duodenum Similarly, 
Spencer, Meyer, Rehfuss and Hawk^ observed that 1 0 per cent sodium 
bicarbonate solution hastened the discharge from the normal human 
stomach, while 5 0 per cent solution delayed it 

Considering these various observations. Dr Hoskins suggested the 
possibility that the mechanism of gastric discharge might respond to 
stimulation by other substances than acid, that is, the control of the 
p}'lorus might be merely a nonspecific phase of the so-called “law of 
the gastro-mtestinal tract,” with a local reversal of direction at the 
P}loric segment when stimulation on the gastric side is supranormal 
If this theory were true it would follow that stimulating solutions other 
than acid, in low concentration, should hasten discharge from the stom- 
ach, while high concentrations would produce a regurgitation from the 
duodenum into the stomach 

To test this hypothesis and to secure data concerning the efifect of 
var}ung chemical conditions in the stomach on gastric secretion and 

* Submitted for publication July 10, 1917 

’^From the Laboratory of Ph}siology of the Northwestern University Medi- 
cal School 

1 Morse, W E Am Jour Physiol , 1916, 41» 439 

2 Spencer, Meyer, Rehfuss and Hawk Am Jour Physiol , 1916, 39, 462 
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duodenal regurgitation, several series of experiments were undertaken, 
using different concentrations of neutral solutions 

The conditions imposed were identical with those of the acid series 
previousl}’’ reported,^ namely, first, a normal fasting stomach, second, 
fluid injections of constant temperature and quantity, but of varying 
concentrations , third, abolishment of inhibitory reflexes by pithing the 
spinal cord or sectioning the splanchnic nerve, and fourth, general 
ether anesthesia As a check on the foregoing, parallel experiments 
were made on animals with the pylorus ligated m order to eliminate 
any errors in the calculation of the rate of discharge from the stomach 
which might arise from the secretion of an unknown quantity of 
gastric juice 

TECHNIC 

There was no change in method from that used m the series of experi- 
ments previously reported^ Ether anesthesia was maintained by the tracheal 
cannula-ether bottle method Through a laminectomy incision the spinal cord 
was destro}'ed from the sixth to the tenth dorsal segments, or the splanchnic 
nerves were sectioned above the diaphragm by opening the thorax laterally 
between the ninth and tenth ribs, while maintaining respiration by a Gesell 
apparatus Fluids were injected into and withdrawn from the stomach by 
means of a glass tube inserted through an esophageal fistula, opening just above 
the sternum Injections were made at intervals of one half hour and the amount 
of discharge or of regurgitation was computed by noting the difference between 
the amount of fluid injected and the amount withdrawn The animals were 
not fed during the twenty-four hours preceding the operation, and in every 
case the efficiency of the aspirating technic was tested by a preliminary gastric 
lavage, and by a postmortem examination of the gastric contents In all cases 
the solutions injected were titrated, before injection and after aspiration, with 
phenolphthalein as indicator, to determine the change of acidity during the 
thirty minute intervals the fluids remained in the stomach 

Seven series of experiments were completed consisting of two sodium chlorid, 
two sodium acetate, one tabasco pepper sauce, one repeated water injection, 
and an extension of experiments, previously referred to, with hydrochloric 
acid injections into the stomach after ligation of the pylorus 

Sodmm Chlorid Solutions — ^The concentrations of solutions used varied from 
0 to 10 per cent, and injections were made at thirty minute intervals In 
Series 1 eight animals were used The cord was pithed in the first six, in the 
last two the splanchnics were cut In Series 2 six animals were used and the 
pylorus was ligated This senes was made as a check on Series 1 to deter- 
mine the amount of absorption of fluids from the stomach, of secretion of 
fluids into the stomach, or of accumulation of fluid from osmosis, since these 
factors, if unknown, would render unreliable any computation as to rate of 
discharge from the stomach, or regurgitation of fluids from the duodenum 
The inhibitory mechanism was not blocked in Series 2, for it was observed 
in the series of continuous water injections (Table 6) that secretion as deter- 
mined by acid titration was not materially altered by section of the splanchnic 
nerves ' 

The results from injection of sodium chlorid solutions into the stomach 
are shown in Tables 1 and 2 The rate of discharge as shown in Table 1 
apparently is decreased with increase of the concentration of the solution 
When we consider the increase in the gastric contents with the various solu- 
tions, however, when the pylorus is ligated, as shown in Table 2, we find 
there is more increase for the same solutions with the pylorus closed Thus 
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TABLE 1 — Discharge and Secretion with Solutions of Sodiuji Chlorid 


Dog No 

HsO 

NaCl 1% 

NaOl 3% 

NaCl 5% 

NaOI 7% 

NaCl 10% 

H=0 

D 

I 

HCl 



HCl 

D 

I 

HOI 

D 

I 

HOI 

D 

I 

HOI 

D 

I 



I 

HOI 

It 

20 

0 

4 0 

30 

0 

20 

10 0 

0 

20 

0 

0 

20 

50* 



0 

0 

25 

0 

0 

20 

2t 

12 

0 

so 

5 

0 

20 

0 

60 

20 

0 

15 0 

25 

0 

20 0 

25 

0 

10 0 

2 5 


0 

10 

3t 


0 

10 

5 


10 

20 

0 

1 5 

0 

10 0 

1 5 

0 


1 5 

0 

15 0 

20 


0 

20 

4t 


0 

10 

5 


1 0 

0 

50 

10 

0 

0 

1 0 

0 



0 

25 0 



0 

§ 

Bt 

10 

0 

20 


10 0 

10 

0 

200 

20 

0 

10 0 

1 5 

0 



0 

30 0 



10 

10 

6t 

5 

0 

1 5 

0 

0 

15 

0 

0 

10 

0 

15 0 

1 0 

0 



0 

50 



5 

10 

71 

15 


12 

0 

0 

1 4 

15 0 

0 

B 

0 

40 0 

1 5 

0 


1 5 

0 

15 0 

15 

§ 

§ 

§ 

St 

6 


1 i 

8 


1 5 

80 

0 

H 

o 

0 

1 6 

0 

70 

1 2 

0 

15 0 

14 

0 


1 4 

Average 

97 

■ 

1 9 

72 

125 

14 

44 

3 75 

157 


1125 

1 58 


121 

1 58 


14 4 

17 

1 

2 

14 


D = decronsc of fluids m the stomach 
I = increase of fluids m the stomach 

HOI = hjdroohlonc acid expressed m terms of tenth-normal acidity per 100 c c of fluid aspirated 
* = unusual occurrence not included in the average 
§ = not determined 
t = cord pithed 
} = splanchnic cut 


TABLE 2 — Secretion with Sodium Chlorid Solutions Pylorus Ligated 


Dog 

^o 

H 20 

NaOI 1% 

NaCl 3% 

NaCl 5% 

NaCl 1% 

NaCl 10%, 

A 

I 

HCl 

. 

A 

I 

HCl 

B 

■ 


B 

■ 


A 

I 

HCl 

A 

I 

HCl 

1 


0 

20 

20 

0 

20 

0 

0 

1 5 

0 

15 0 

1 0 

0 

200 


0 

ISO 

20 

2 


0 

10 

00 

40 

10 

0 

0 

12 

0 

18 0 

1 0 

0 

14 0 

16 

0 

16 0 

12 

s 


0 

10 

00 

0 

06 

0 

10 

06 

0 

15 0 

1 0 

0 

23 0 

12 

0 

65 0 

18 



0 

17 

40 

0 

10 

0 

0 

10 

0 

20 0 

1 2 

0 

35 0 

12 

0 

18 0 

16 

5 


0 

1 0 

80 

0 

10 

0 

5 

10 

0 

0 

1 0 

0 

45 0 

12 

0 

30 0 

15 

6 

100 


1 2 

5 0 

0 

1 

0 

15 

12 

0 

35 0 

1 7 

0 

S5 0 

19 

0 

35 0 

22 

Av 

4 S'' 

0 

1 1 31 

■ 

■ 



I 

5 

■ 

0 

171 

1 15 

0 

28 66 


0 

30 0 

17 


A = absorption 

I = mere ise of fluids m the stomach 

HCl = hvdrochlorlc acid expressed in terms of tenth normal acidity per 100 c e of fluid 
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for 5 per cent solutions, with the pylorus open we have an average increase 
of 11 25 c c , while with the pylorus ligated the increase is 17 1 c c , leaving 
an excess of 615 c c which represents discharge Also the excess with the 
pylorus ligated over the amount of increase with patent pylorus, is 16 55 c c 
for 7 pel cent solutions and 15 9 c c for 10 per cent solutions This indi- 
cates an increase rather than a decrease in the rate of discharge 

The increase in the contents ,of the stomach with high concentrations of 
sodium chlorid solutions both with the pylorus closed and with it open is sup- 
posedly due largely to osmosis Secretion, however, contributes a small part 
to the aggregate amount This is shown by the fact that the total acidity 
remained fairly constant with both open and closed pylorus, hence the secretion 
of acid was not accelerated by the presence of the solution or increase in 
concentiation The amount of acid secreted in the thirty minute intervals 
varied from 1 4 to 17 c c tenth-normal acidity per 100 c c Taking the average 
increase in acidity as 1 58 c c of tenth-normal hydrochloric acid per 100 c c , 
this would give 3 18 c c of tenth-normal acid for the total 200 c c of fluid 
aspirated Considering the acidity of the gastric juice as 0 5 per cent, as 
demonstrated b}’' Heidenhain,* Pawlow,'* Sommerfeld,® Carlson,® and others, 
this would give an equivalent of 27 cc of gastric juice It is therefore 
evident that the contribution of secretion to the increase of fluid is small 
Regurgitation also is excluded by the fact that the increase was greater 
when the pylorus was closed than when open Presence of bile was never 
observed, but the amount of mucus increased with increase in concentration 
Some individual variations are noted, the most pronounced of which is 
found in Animal 1, Table 1, which showed rather larger discharge than usual, 
these were associated with liquid bowel movements and at necropsy the gastric 
mucosa was hemorrhagic The large discharge obtained m the case with 7 
per cent solution was so unusual that it was eliminated from the averages 
Sodium Acetate Solutions, Series 3 — Ten dogs were used in this series and 
in all cases the splanchnic nerves were cut The concentrations used varied 
from 0 to 10 per cent In the first four experiments, solutions of acetate 
gradually increasing to 10 per cent were employed In the last six only water 
and 10 per cent solution were injected, after which the pylorus was ligated 
and the animals transferred to Senes 4 This latter is the companion series, 
being utilized as a check on the secretory or osmotic factors involved Seven 
animals were used in Series 4, of which only the first was independent of 
Series 3 By study of the results of the first four animals of Series 3 and 
the first animal of Series 4 it was surmised that the work could be expedited 
without materially reducing the Value of the data by testing first the discharge 
of water and 10 per cent sodium acetate, and then after ligation of the pylorus, 
testing the secretion or osmosis with the same concentration of solutions on 
each animal Thus, Experiment 2 of Series 4 is continuous with Experiment 5 
of Series 3, and the others following in consecutive order 

The results are shown in Tables 3 and 4 There is a decrease in discharge 
with increase m concentration, as shown by the results in Table 3 There is 
also an increase in the fluid contents of the stomach, with increase in con- 
centration, and the average increase is the same for 10 per cent concentration 
with the pylorus open and closed This would indicate that the rate of dis- 
charge IS decreased from an average of 12 2 c c with water to 0 with 10 per 
cent acetate The amounts of increase both with the pylorus open and closed 
IS less with acetate than with the chlorid, and the amount of mucus was less 
Bile was never observed The increase in acidity is fairly constant both for 

3 Heidenhain Arch f d ges Physiol , 1872, 19 , 153 

4 Pawlow Work of the Digestive Glands (Trans W H Thompson), 
London, 1910, p 32 

5 Sommerfeld Arch f Anat u Physiol , Suppl , 1905, p 455 

6 Carlson Am Jour Physiol , 1915, 38, 258 
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TABLE 3 — Discharge and Secretion with Solutions of Sodium Acetate 


Dog 

No 

H 20 

Sodium 

Acetate 

0 5% 

Sodium 

Acetate 

1% 

Sodium 

Icctiite 

3% 

Sodium 

Acetate 

5% 

Sod'um 

Acetate 

lOfo 

H 2 O 

D 

I 

HOI 

D 

I 

HOI 

D 

I 

HOI 

D 

I 

HOI 

D 

■ 


D 

I 





1 

12 0 

0 

10 



20 

70 


20 

0 

A 

30 

0 

0 


0 

12 0 

25 

0 

50 

10 

2 

10 0 

0 

30 



25 

0 


35 

0 

50 

35 

0 

0 


0 


40 

8 

0 

26 

3 

15 0 

0 

26 



2 5 

10 0 


25 

0 

5 0 

30 

0 

100 


0 


25 

0 

0 

15 

4 

0 

0 

20 



15 

50 


10 

50 

0 

1 5 

0 

80 

1 5 

0 


20 

0 

10 0 

0 5 

5 

20 0 

0 

16 













0 

50 

16 




6 

0 

0 

20 













0 


1 6 




mm 

15 0 

0 

16 













0 

60 

24 





15 0 

0 

1 6 













0 

100 

77 




B 

30 0 

0 

16 













0 


20 




10 

50 

0 

36 













0 

50 

4 4 






0 

2 05 

11 75 

0 

■ 

0 5 

25 

2 25 

1 25 

25 

2 75 

0 

4 5 

288 


60 


2 

38 

138 


D =: deprease of fluids m tho stomach 
I =: increase of fluids in the stomach 

HOI = hydrochloric acid expressed in terms of tenth normal acidity per 100 c c of fluid 
The splanchnic nerves were sectioned in all cases 


TABLE 4 — Secretion with Solutions of Sodium Acetate Pylorus Ligated 


Dog No 


Sodium 

Acetate 

0 5% 

Sodium 

Acetate 

1% 

Sodium 

Acetate 

3% 

Sodium 

Acetate 

5% 

Sodium 

Acetate 

10% 


H:0 



e 

■ 

HOI 

i 

I 


A 

1 

HCI 

i 

A 

I 

1 

HCJ 

A 

I 

HCJ; 

i 



B 

I 

HOI 

1 

1 

2 

0 

1 5 

1 

5 

0 

1 5 

5 


25 

■ 


26 

0 

5 

2 5 




* 

« 

# 

2 
















0 

0 

20 

50 



3 















i 

0 

12 0 

20 

0 

15 0 


4 
















0 

20 

1 6 

0 



5 
















0 

50 

20 

0 

18 0 

24 

6 












i 




0 

20 0 

12 

i 

0 1 


1 6 

7 

















0 

16 

1 


0 

20 

Average 






1 



1 i 








6 29 

1 8 



20 


• = not determined 
D = decrease of fluids m the stomach 
I = increase of fluids m the stomach 

HOI = hydrochloric acid expressed in terms of tenth normal acidity per 100 c c of fluid 
The splanchnic nerves were cut in all cases 
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TABLE 5 — Discharge and Secretion with Tabasco Pepper Sauce 


Dog No 

H=0 

Tabasco 

Pepper Sauce 

15 C e to L 


HeO 

Tabaseo 
Pepper Sauee 

15 Cc toL 


D 

I 

HCl 

D 

I 

HCl 

4 ^ 

D 

I 

HCl 

D 

I 

HC 

1 

10 0 

0 

08 

14 0 

0 

08 


0 

80 

08 

0 

0 

05 

2 

12 0 

0 

08 

10 0 

0 

08 


0 

0 

12 

0 

0 

i: 

3 

50 

0 

1 6 

0 

0 

1 6 

CS 

10 0 

0 

20 

15 0 

0 

2i 

4 

80 

0 

1 2 

50 

0 

20 


0 

0 

1 2 

40 

0 

2( 

0 

0 

0 

12 

20 0 

0 

12 

o 

0 

0 

12 

15 0 

0 

15 

6 

46 0 

0 

12 

26 0 

0 

16 

>» 

0 

70 

12 

0 

40 

15 

7 

50 

0 

20 

10 0 

0 

12 


40 

0 

12 

0 

20 

15 

Average 

12 2 

0 

1 25 

12 1 

0 

13 


20 

21 

1 26 

4 1 

09 

1 4 


D = decreasQ of fluids In tlie stomach 
I = Increase of fluids in the stomach 

HOI = hydrochloric acid expressed in terms of tenth- normal acidity per 100 cc 
In all cases the spinal cord v,as pithed 

water and all percentages of acetate used Increase in the fluid content here 
also IS attributed primarily to osmosis We are unable to explain the high 
average of 10 66 cc increase in the gastric content with injections of water 
after ligation of the pylorus, and after the injection of 10 per cent acetate, 
as shown in Table 4 It is possible that this increase is due to an exudation 
following irritation of the mucosa, although the mucosa at necropsy was not 
congested 

Solution of Tabasco ^Peppcf Sauce — Concentrations sufficient to produce a 
burning peppery taste were used, a result which was obtained with 15 cc of 
pepper sauce to the liter Seven animals were used and in all cases the spinal 
cord was pithed Two injections were made before and two after the liga- 
tion of the pylorus, giving the discharge and secretion rate of each animal as 
in Series 3 and 4 Water was first injected followed by the solution of pepper 
sauce When discharge had been noted, after thirty minute intervals, for each 
solution the pylorus was ligated and the injections^ repeated to obtain data 
concerning secretion 

The results are given in Table 5 It is noted that there is practically no 
difference in the rate of discharge with water and with solutions of tabasco 
sauce Also the secretion rate and acidity are practically unchanged 

Repeated Injections of Water — ^Water was repeatedly injected in a senes 
of ten animals In the first five the splanchnic nerves were cut , in the last five, 
the inhibitory mechanism was left intact In the first two animals the injec- 
tions were repeated at thirty minute intervals , in the remaining cases the inter- 
val \YSs one hour These experiments were made to determine whether fatigue, 
continued narcosis or a progressive development of shock played a significant 
role in modifying the rate of discharge The results are shown in Table 6. 
It IS seen that the average rate of discharge is unchanged at the end of three 
hours and but slightly reduced at the end of five hours The initial rate of 
discharge for each animal remains practically unchanged throughout the 
experiment, and the same is true for the amount of acid secreted Also, 
there is practically no difference in discharge or acid secretion with the 
splanchnic nerves cut or intact ♦ 
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TABLE 6 — Repeated Determinations of— 
Splaucbnlcs Out 


Dog Number 

HsO 
% Hour 

H:0 

1 Hour 

HeO 

IV 2 Hours 

H 2 O 

2 Hours 

D 

B 

HOI 

D 

E 

HCl 

D 

E 

HOI 

D 

E 

HOI 

1 

10 0 

0 

56 

13 0 

0 

32 

10 0 

0 

20 

60 

0 

16 

2 

15 0 

0 

12 

12 0 

0 

08 

60 

0 

08 

no 

0 

08 

3 




10 0 

0 

10 




50 

0 

12 

4 




0 

0 

10 




40 

0 

10 

5 




50 

0 

1 0 




12 0 

0 

06 


Splanchnics Not Cut 


6 

1 

i 



12 0 

0 

14 




18 0 

0 

18 

7 




70 

0 

12 




70 

0 

10 

8 

! 



13 0 

0 

16 




90 

0 

12 

9 




50 

0 

18 




0 

20 

14 

10 




25 0 

0 

14 




50 

0 

18 

i 

Average j 

12 5 

1 

° 1 

34 

10 2 

0 

14 

'80 

0 

14 

76 

02 

124 


D = discharge from the stomach 
E = regurgitation into the stomach 

HCl = hydrochloric acid expressed in terms of tenth normal acidity per lOO c c 


Injechons of Hydrochlonc Acid with the Pylorus Ligated — This senes is 
an extension of experiments previously reported^ It shows the effect of vari- 
ous concentrations of hydrochloric acid on gastric secretion The animals were 
pithed and the pylorus ligated The solutions varied from 0 to 0 5 per cent 
The results as given in Table 7 show practically no secretion with any con- 
centration except in one unusual case with 0 5 per cent acid, in which 12 cc 
of secretion were obtained The acidity of the solution injected is decreased 
during the thirty minute interval and the neutralization is greater for the higher 
percentages 

DISCUSSION 

The solutions used in the experiments were chosen on the basis of 
nontoxicity, solubility and importance of the substances in dietetics oi 
therapeutics 

Attention has previously been called’- to the small discharge of 
water obtained under the conditions imposed in these experiments as 
compared with that obtained by Moritz'’ from duodenal fistulas In the 
various experiments on gastric discharge performed in this laboratory 
a total of fifty-one dogs have been used In each animal the rate of 
discharge of water was ascertained as a standard for comparison with 
the rate for vanous solutions The average discharge of water from 

7 Montz Ztschr f Biol 190l 42, 584 



JANUARY, 191S 


DUODENAL REGURGITATION 


55 


— ^THE Rate of Discharge of Water 
• Splanclinics Out 


HsO 

2^ Hours 

H:O-30ns 

3 Hours 

HsO 

31^ Hours 

HcO 

4 Hours 

HsO 

4^ Hours 

H 2 O 

6 Hours 

D 

R 

HCl 

H 

! ® 

HCl 

D 

R 

HCl 

D 

R 

HCl 

D 

R 

HCl 

D 

R 

HCl 

120 

0 

16 

50 

0 

16 

110 

0 

1 

16 










20 0 

0 
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these fifty-one animals was 14 3 c c m thirty minutes Of these fifty- 
one individuals, six had a discharge exceeding 25 c c , while five ani- 
mals showed no discharge If these extreme cases are eliminated, we 
have forty which show within a narrow margin of deviation an average 
discharge of 10 c c per half hour It is hoped that future observations 
will determine what conditions are responsible for this relatively slo^^ 
rate It is possible that general ether anesthesia or the presence of a 
tube in the cardiac orifice of the stomach may be significant factors 
As previously noted, ^ Cannon® determined that section of the splanch- 
nic nerves in cats resulted in no change of the normal movements of 
any part of the alimentary canal, and Carlson® found that section of 
the splanchnics in dogs increased the gastric tonus and augmented 
gastric hunger contractions This eliminates the possibility that destruc- 
tion of the inhibitory mechanism is the significant factor 

Pawlow^® found that gastric secretion is only slightly stimulated by 
‘ the introduction of water into the stomach; and that solutions of meat 
ash, chlorid and hydrochloric acid produced the same results as water 
alone Throughout these experiments small but constant amounts of 
acid have been noted Titration for total acidity, using phenolphthalein 


8 Cannon Am J our Physiol , 1906, 17, 431 

9 Carlson Am Jour Physiol , 1913, 32, 382 
10 Pawlow Am Jour Physiol, 1913, 32, 112 
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as indicator, was made after each aspiration The notations in the 
tables are in terms of tenth-normal acidity per 100 c c As the total 
gastric contents were 200 c c , this represents half of the total acid 
secreted in the thirty minutes that the fluid remained in the stomach 
By computing the amount of gastric juice from the acid present it is 
found that in thirty-five animals the rate of secretion per thirty minutes 
in the presence of water varies with few exceptions from 1 4 c c to 
5 6 c c , with an average of 2 33 c c The injection of other solutions 
as sodium chlorid, sodium acetate and tabasco sauce does not materially 
change this rate The average secretion for sodium chlorid is 2 27 c c , 
for sodium acetate 3 3 c c , and for tabasco peppei sauce 2 c c Hydro- 
chloric acid also produces no essential change in the rate of secretion 


TABLE 7 — Secretion with Solutions of Hydrochloric Acid Pylorus Ligated 


Dog 

No 

H 20 

HCI 0 1% 

HCI 0 2% 

HOl 0 3% 

HCI 0 4% 

HOl 0 5% 
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0 


—11 5 


3 66 
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* = unusual result The cord was pithed m all cases 

A = absorption from the stomach 
S — secretion into the stomach 

HOl = hydrochloric acid expressed m terms of tenth normal acidity per 100 c c of fluid 
Minus sign indicates decrease in acidity 


as shown by the data in Table 7 Here, with the pylorus ligated, the 
average increase in the gastric contents vanes from 0 with water to 
3 66 c c with 0 5 per cent hydrochloric acid The high average 
obtained with 0 5 per cent hydrochloric acid solution is largely due to 
one unusual result of 12 c c increase With all other percentages of 
acid used the average increase was less than 1 c c These findings are 
corroborative of the observations of Pawlow 

Carlson’-^ observed that the gastric glands of the human stomach 
are never quiescent, but continue to secrete from 2 c c to 50 c c per 
hour The results obtained in these experiments show the rate of 
secretion for the dog’s stomach under the conditions specified approxi- 
mates the minimum for the human stomach in the nonactive state 


11 Carlson Am Jour Physiol, 1915, 37, 50 
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Rehfuss and Hawk^^ have presented direct evidence of the secre- 
tion of gastric juice of constant acid concentration by the human 
stomach In our experiments, continued presence of a fairly constant 
amount of acid m the total gastric contents, as determined at thirty 
minute intervals, also indicates that the rate of secretion of acid is 
constant for a given stimulus 

The data obtained from injection of hydrochloric acid solution into 
the stomach after ligation of the pylorus are shown in Table 7 This 
series is an extension of experiments’- referred to as evidence that 
secretion is not a disturbing factor in computing the rate of gastric 
discharge with acid solutions In addition to the evidence they afford 
as to the amount of secretion in the presence of hydrochloric acid 
solutions, the observations indicate that there is probably a neutralizing 
substance in the gastric secretions which increases with increased acid 
concentration in the stomach contents With 0 1 per cent hydrochloric 
acid there is a decrease in the acidity of the solution which varies from 
2 to 4 c c of tenth-normal acidity per 100 c c , with an average of 
2 8 c c This decrease is larger for each higher acid concentration 
until an average neutralization of 14 6 is reached with 0 5 per cent 
hydrochloiic acid As the titrations were made for total acidity with 
phenolphthalein indicator, this decreased acidity cannot be attributed 
to combination of the acid with mucus Slight hemorrhage into the 
stomach was frequently present, but by color comparison with a solu- 
tion of Imown hemoglobin content it was estimated that these hemor- 
rhages would not exceed 2 c c , which could not account for the amount 
of the progressive increase in the extent of the neutralization No tests 
were made for the presence of ammonia, /hence it cannot be asserted 
that this was the factor producing the decrease m acidity, but since 
ammonia has been demonstrated in the gastric contents by numerous 
investigators, as tabulated by Huber,’® and in the pure gastric juice by 
Strauss’^ and Carlson,’® it must be considered a factor m the neutrali- 
zation of the acid, and m the absence of other demonstrable sources 
of neutralization it is probably the principal factor Huber’® finds that 
the amount of ammonia has no relation to the concentration of acid 
or pepsin As previously noted in our experiments, the amount of 
neutralization is proportional to the concentration of the acid How- 
ever, the ether anesthetic might be a factor in stimulating the libera- 
tion of ammonia which Huber’^ finds to have a complex origin, repre- 

12 Rehfuss and Hawk Gastro-Intestinal Studies, Jour Am Med Assn , 
1914 63 2088 

13 Huber Am Jour Physiol , 1917, 42, 405 

14 Strauss Berl klin Wchnschr , 1893, 30, 398 

15 Carlson Am Jour Physiol, 1915, 38, 248 

16 Huber Am Jour Physiol , 1915, 38, 418 

17 Huber Am Jour Physiol, 1915, 38, 419 
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senting excretion from the blood, deamidization in the gastric mucosa, 
or possibly the action of gastric flora In our experiments the gastric 
flora IS eliminated as a possible factor by the acid concentration of the 
solutions used, the limited time interval and the frequent lavage pro- 
duced by repeated aspirations 

The possibility has also to be considered that the decrease m acidity 
might have been due, not to neutralization, but to resorption of the 
acid 

SUMMARY 

1 Solutions of sodium chlorid varying from 1 to 10 per cent 
slightly augment the rate of discharge of fluids from the stomach of 
anesthetized and pithed or splanchnicotomized dogs Solutions of con- 
centration above 3 per cent produced an increase of fluid in the stom- 
ach by osmosis, but with the pylorus ligated the increase exceeded that 
obtained with the pylorus patent, sufficient to indicate a discharge 
greater than the discharge with water 

2 Solutions of sodium acetate slightly retard the discharge of fluid 
from the stomach of anesthetized and splanchnicotomized dogs 

3 The fluid content of the stomach is usually increased when solu- 
tions of sodium chlorid or sodium acetate are injected m concentration 
above 3 per cent This increase is attributed to osmosis exceeding the 
amount of discharge 

4 The rate of secretion of gastric juice as computed from the 
increase of acidity averages 2 33 c c per thirty minutes, when water is 
injected into the stomach and the pylorus is patent This rate of secre- 
tion IS not materially altered by ligation of the pylorus or injection of 
solutions of sodium chlorid, sodium acetate or tabasco pepper sauce 

5 The acidity of solutions of hydrochloric acid injected into the 
stomach of anesthetized dogs with pylorus ligated is decreased, the rate 
of diminution increasing with increase in the acidity of the solutions 

6 The average discharge of water from the stomach was 14 3 c c 
per thirty minutes in fifty-one trials By eliminating eleven extreme 
cases the average for forty animals is reduced to 10 c c 

7 Solutions of tabasco pepper sauce are discharged from the 
stomach at practically the same rate as water 

8 The mechanism of gastric discharge does not react to solutions 
of sodium chlorid, sodium acetate and tabasco pepper sauce, in the 
same manner that it reacts to solutions of hydrochloric acid 

I wish to express my gratitude for the many helpful suggestions given by 
Dr R G Hoskins m connection with this work 
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A SIMPLE TECHNIC FOR THE DEMONSTRATION OF A 
PHAGOCYTIC MONONUCLEAR CELL IN 
PERIPHERAL BLOOD 

FIRST REPORT OF STUDIES ON THE MONONUCLEAR CELLS OF 

THE BLOOD 

F A McJUNKIN, MD 

MILWAUKEE 

The purpose of this report is to describe a method by which a 
mononuclear cell constantly present m normal blood may be shown to 
be phagoc3''tic, and to point out certain characters of the cell that 
suggest its origin 

The origin, morphology and many of the functional activities of 
the polymorphonuclear leukocytes (neutrophilic, eosinophilic and baso- 
philic) of the blood are known, but considerable uncertainty exists in 
regard to the mononuclear group of leukocytes While it seems quite 
certain that lymphoblastic cells constitute a large part of the mono- 
nuclear leukocytes, the classification of the remaining mononuclear 
cells that are present is not satisfactory An important aid in tracing 
the origin of cells in sections of tissue is their relationship to the sur- 
rounding ones that divide to form them, but the leukocytes in the blood 
stream do not arise there by mitosis, and once they are swept away in 
the blood their position in regard to the other cells near them is no 
longer of value in tracing their origin In face of the uncertainty 
concerning the mononuclear blood cells, terms such as transitional 
leukocyte, and large mononuclear leukocyte, that are not histologic 
terms imply a definite embryologic origin, have been commonly used 

Attempts at the identification and classification of nonlymphocytic 
mononuclear leukocytes have for the most part been based on staining 
characteristics Methods dependent on the functional activities of the 
blood cells have, however, been employed, and of these vital staining 
has attracted most attention The usual statement of observers employ- 
ing this method is that cells which stain vitally do not appear in the 
peripheral blood, or they appear there in negligible numbers 

TECHNIC EMPLOYED 

The method used is simple, but some of the details require con- 
siderable care m their execution The object to be attained is to bring 

* Submitted for publication Sept 26 , 1917 

*From the Pathological Laboratory of the Boston City Hospital 



60 


F A M’JUNKIN 


ARCH INT 


the leukocytes into contact with fine particles of carbon at the body 
temperature and under exact and uniform conditions, and then to fix 
and stain them properly 

Three cubic centimeters of blood are added to 2 c c of 3 8 per cent sterile 
sodium citrate that contains 1 per cent by weight of a good commercial grade 
of lampblack The citrate-lampblack liquid is shaken vigorously m the flask 
to secure as e\ en a suspension as possible, and 2 c c immediately placed in a 
IS-c c graduated centrifuge tube to which the blood is added at once To 
obtain the blood the palmar surface of a finger tip is painted with tincture 
of lodin, wiped with 95 per cent alcohol, dried, punctured deeply with an 
automatic lance and the blood pressed out so that the drops fall directly into 
the tube The citrated blood is mixed thoroughly by striking the lower end 
of the centrifuge tube with the finger and immediately is filtered through a 
single laj'cr of muslin that has been laundered into a second centrifuge tube 
in order to remove the gross particles of lampblack The second tube may 
be prepared by autoclaving it with the cloth pressed into its upper portion in 
the form of a cone The cloth is moistened with a 3 8 per cent citrate solution 
before the citrated blood is poured on it It is not advisable to filter the 
suspension of lampblack before mixing with the blood because it tends to 
filter clear 

The filtered citrated blood is placed in a centrifuge and whirled at a moderate 
speed for fifteen minutes and at a high speed for five minutes The tube is 
removed from the centrifuge and the black leukocytic layer on the surface 
of the corpuscles is carefully drawn with suction into a large bore hemo- 
cytometer pipet Such a pipet may be kept in 80 per cent alcohol and washed 
with sterile citrate before filling The pipet is shaken for one minute, a 
wide rubber band stretched over it to close the ends, and then transferred to 
an incubator at 37 5 C where it is kept in a horizontal position for one hour, 
being removed and shaken for one minute at the end of fifteen, thirty and 
forty-five minutes 

At the end of the hour the pipet is taken from the incubator, shaken for 
five minutes and coverglass preparations made in the usual way, the small drops 
of blood being placed on the coverglasses from the pipet Slides are not suitable 

To stain the coverglass smear, 2 drops of a polychrome blood stain are 
placed on it for one minute At the end of one minute four drops of distilled 
water are added and the diluted stain allowed to remain on it for two to three 
minutes The stain is washed off with water, differentiated for ten seconds 
in 0 02 per cent yellowish water-soluble eosin, washed with water, dried and 
mounted in colophonium-xylol 

Anv polychrome blood stain that has a reaction properly adjusted may be 
used The writer’s blood stain obtained from Bausch and Lomb Optical Co , 
Rochester, N Y , was employed in making most of the stains If a number 
of preparations are to be stained the coverglasses are supported on the tops 
of small test tubes 12 mm in diameter held in a test-tube rack, and the center 
of each pressed on with a 1-mm glass rod while the alcoholic stain is spread 
out with a second rod A single preparation may of course be held in suitable 
coverglass forceps 

The results and conclusions as recorded below are based on the 
preparations made by the foregoing technic Since it would clearly 
be an advantage to emplo)’’ a more direct method in the examination 
of pathologic blood, many variations of the test have been tried, but 
even slight variations have usually yielded negative results It has not 
been possible to eliminate the centrifugation, but the undiluted blood 
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may be employed for making the smears, and this appears to be the 
simplest and most accurate way for the differential counting of leuko- 
cytes In employing undiluted blood the ingestion of the carbon by 
the leukocytes is found to be determined by the concentration of the 
citrate In the stained film there is no difficulty in distinguishing 
mononuclear cells containing carbon from polymorphonuclear ones 
that contain it, but the best picture is obtained if phagocytosis by the 
neutrophils is prevented To do this 7 7 mg of sodium citrate per c c 
of blood are used This amount of citrate does not interfere with the 
phagocytic properties of the mononuclear cells, but 15 mg prevent 
ingestion by all leukocytes If only 5 mg of citrate are used more 
than half of the neutrophils as well as the phagocytic mononuclear 
cells ingest the carbon 

To use the undiluted blood four small glass beads and 8 mg of a dry 
lampblack-citrate powder are placed in a small test tube 45 mm long prepared 
from glass tubing with an inside diameter of 7 mm , and 1 c c of water added 
The tube is shaken and the upper surface of the liquid marked by scratching 
with a file The liquid is washed out, the tube dried, the beads replaced, 
another 8 mg of lampblack-citrate powder added and blood dropped into it 
from the finger until the upper surface reaches the mark The finger is pricked 
with an automatic lance and the drops of blood allowed to touch the apex of 
a small wire in the shape of the inverted letter V inserted into the upper end 
of the tube This prevents the blood from coming into contact with the mouth 
of the tube The tube is stoppered with a rubber cork, vigorously shaken for 
five minutes, centrifuged at a moderate rate of speed for fifteen minutes and 
placed in the incubator for one-half hour at 37 5 C , care being taken not to 
disturb the leukocytic layer The tube is removed from the incubator, shaken 
for two minutes, centrifuged, again incubated for one half hour, shaken for 
two minutes after removal from the incubator and coverglass preparations made 
and stained The red and white hemocytometer pipet may be filled from the 
undiluted blood before the first incubation for the enumeration of the white 
cells and erythrocytes The second shaking, centrifugation and incubation are 
required to bring all the leukocytes into contact with the carbon The small 
drop of blood is placed on the coverglass by means of a capillary pipet with 
nipple attached The films are allowed to dry in the air for at least three 
hours before the stain is applied 

The preparation of the lampblack-citrate powder is important It is pre- 
pared by mixing intimately 7 7 gm sodium citrate (Merck), U S P , of 
highest purity, that has been ground to small granules in a mill (not powdered 
in a mortar) with 0 3 gm lampblack that has been ground in a mortar for 
thirty minutes The powder is placed in a bottle and kept in a desiccator 

RESULTS OBTAINED 

On examination of the smears with an oil-immersion lens the gen- 
eral picture is seen to resemble that obtained with any good polychrome 
stain A striking difference, however, is observed in certain of the 
mononuclear cells the cytoplasm of which contains many carbon par- 
ticles or IS completely filled with the lampblack, while the lymphocytes 
and the great majority of the polymorphonuclear cells contain none, 
and those that do contain it have taken up a much smaller amount than 
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the phagocytic ones of the mononuclear group The smears are sur- 
prisingly free from extracellular carbon deposited on the red blood 
corpuscles and in the plasma Since not a single cell that is a lympho- 
cyte of the small variety contains the particles, the phagocytic mono- 
nuclear cells as a result of the carbon they contain are readily dis- 
tinguished If it were not for the carbon within these cells, however, 
some of them would be mistaken for large lymphocytes, although most 
of them would fall in the classes commonly known as transitional and 
large mononuclear leukocytes 

The morphologic characters of the mononuclear phagocytic cell, 
aside from the ingested carbon, are well defined within certain limits, 
and most of the cells can be identified in the usual blood smear after 
the study of lampblack preparations , but all of them cannot be recog- 
nized with certainty The average diameter of the cell closely approx- 
imates that of the polymorphonuclear neutrophil, but the individual 
cells present greater variations Many are smaller than the neutro- 
phils and approach the larger lymphocytes in size, while a few are 
larger than any neutrophil The cell outline is usually round, but 
irregularities may be produced when the smear is made, or pseudo- 
podia may be present as the result of ameboid activity 

The cytoplasm of this class of cells filled with the carbon particles 
IS characteristic Much lampblack is taken up by all cells of this 
variety, and many of them contain so great an amount that the char- 
acter of the cytoplasm cannot be distinguished 

The zone of the cytoplasm is wide at some point, due to an indenta- 
tion or eccentric position of the nucleus, and in preparations stained 
in the usual way this is, perhaps, next to its phagocytic properties, the 
most distinguishing feature of the cell The cytoplasm is often present 
only in sufficient amount to form a distinct band about the nucleus, but 
it may be fully as wide as the nucleus itself In those cells m which 
the cytoplasm is distinct it is seen to stain less blue than that of the 
lymphocytes It may be quite free of granules, but usually there are 
present granules that are much like the neutrophilic granules, except 
that they are more filament-hke The filamentous granules color like 
those of the neutrophils by the oxydase reaction, but are usually less 
distinct Typical discrete “azur” granules, such as occur so commonly 
in lymphocytes, have not been observed 

The nucleus is round or oval, is horseshoe or saddle-back in shape. • 
or presents a broken irregular contour Rarely a cell of this type is 
encountered in which the nucleus is stellate or divided into separate 
chromatin masses Cells with this morphology appear to be formed 
dunng the hour of incubation, but it is not certain that an occasional 
cell of this class with a broken nucleus does not occur in the blood 
The only important characteristic of the nucleus is that it is very rarely 
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both regular in outline and centrally placed It stains less heavily 
than the nucleus of the neutrophils 

The number of this variety of cells in the blood of five normal 
individuals varies from 5 6 to 8 1 per cent , with an average of 7 2 per 
cent In obtaining these percentages above 2,000 cells were counted 
m each sample and the direct method used, since it is not certain that 
the percentages in leukocytic layers after centrifugation are the same 
as in the whole blood The average number of other cells is as fol- 
lows lymphocytes, 32 2 per cent , neutrophils, 58 5 per cent , eosino- 
phils, 1 6 per cent , basophils, 0 5 per cent The average number of 
leukocytes present per c mm is 6,820 The coverglass preparations 
were mounted in pairs on slides and the cells counted from at least 
three such pairs with the use of a mechanical stage 

\ 

DISCUSSION AND CONCLUSIONS 

The functional behavior of fixed tissue cells is constantly made use 
of in their identification, and of the cell functions phagocytosis is one 
that IS important and has attracted a great deal of attention In general 
the phagocytic properties of the cells commonly met with are known 
Fibroblasts, identified by the use of appropriate stains, rarely or never 
are found to have incorporated foreign particles within their cyto-, 
plasm; none of the enormous number of lymphoblastic cells found in 
various normal and pathologic tissues are phagocytic, while polymor- 
phonuclear neutrophils incorporate different bacteria and may ingest 
nonbacterial substances 

In the lesions of typhoid fever, in tubercles and in other pathologic 
processes endothelial cells divide, become free and migrate through the 
vessel wall into the extravascular tissue This is seen in single oil- 
immersion fields of tissue that is perfectly preserved These free 
mononuclear leukocytes of endothelial origin are frequently phagocytic 
for other tissue cells, red blood corpuscles, certain bacteria and for 
various nonbacterial particles such as carbon The mononuclear cells 
of the blood shown by these experiments to be phagocytic for carbon 
correspond in morphology and phagocytic properties to the endothelial 
leukocytes of the tissues, and it seems likely that this class of leukocytes 
may prove to be of endothelial origin That they are not related to 
the polymorphonuclear leukocytes is clearly shown by their phagocytic 
properties 

In order to determine the behavior of tissue cells during life, certain 
coal tar and natural dyes have been injected into animals intravenously 
and by other routes, and the tissues examined after a varying number 
of hours and days Vitally stained cells are said not to be present in 
the peripheral blood of the animals treated in this way, but granules 
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of the stain are present in tissue cells spoken of as macrophages, which 
IS a term implying that the cells containing the granules are capable of . 
phagocytosis The term phagocytosis is not correctly applied to the 
passage of a substance in solution into the protoplasm of a living cell, 
although it IS there changed over into insoluble granules It is not 
possible to say whether all phagocytic cells are vitally staining or not, 
but certainly mtravital staining as commonly carried out is useless for 
the demonstration of phagocytic cells in the blood 

In designating the mononuclear cells of the blood that are phago- 
cytic by the above method as a separate and distinct variety of leuko- 
cyte, factors other than the morphology of the cells are taken into 
account Although the cells in the preceding experiments remain in 
the incubator for one hour only, they retain their ameboid activity and 
staining properties for four days at 37 5 C , and there is no reason to 
think that the behavior of the cells toward carbon particles under opti- 
mum conditions in vitro is in any way an abnormal manifestation 
That all cells have an opportunity to ingest by phagocytosis the carbon 
and yet that none but this variety do ingest it is shown by the presence 
of the large amount ingested and its absence from other cells except a 
few of the polymorphonuclear neutrophils 

Since none of the small mononuclear cells that are typical lympho- 
cytes ingest the carbon, it is evident that lymphocytes and phagocytic 
mononuclear cells are comprised in the mononuclear group of leuko- 
cytes It IS believed that all of the phagocytic cells, owing to their 
resemblance to large lymphocytes especially, cannot be accurately iden- 
tified by means of any of the blood stains now in common use without 
the employment of a reaction to determine their phagocytic properties 

[The Avnter gratefully acknowledges his obligation to Dr F B Alallory 
for the privilege of carrying on this work in his laboratory and his indebted- 
ness to Mr L Massopust for the illustration which accompanies this paper ] 


Description of Plate 

Drawn ivith camera lucida and oil-immersion lens from a single cover-glass 
preparation 

A, group consisting of neutrophil, erythrocyte and mononuclear cell con- 
taining carbon, outline of nucleus of phagocytic cell is a broken curve 

B, lymphocyte, erythrocyte and phagocytic cell with an irregular nucleus 

C, lymphocyte, neutrophil and phagocytic cell with saddleback nucleus 

D, neutrophil, erythrocyte and phagocytic cell Note that all elements in 
this part of the coverglass smear are large The nucleus of the carbon-con- 
taining cell IS oval 

E, erythrocyte, neutrophil and phagocytic cell with oval nucleus 

F, erythrocyte, lymphocyte and phagocytic mononuclear The phagocytic 
cell resembles the h'mphocyte morphologically 
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in whom a pineal shadow was demonstrated by roentgen-ray examina- 
tion Timme’’ recently published a series of cases of progressive mus- 
cular dystrophy Five of these patients were examined roentgen- 
ologically and four of them, who were above the age of puberty, 
showed shadows in the pineal region The youngest patient, 14 years 
of age, failed to show any shadow As the patients were quite young 
and symptoms of their disease had begun in childhood, it is possible 
that in these cases the pineal gland was diseased and so lent itself more 
readily to the process of calcification , or more probably, involution of 
the gland may have occurred earlier than normal, with consequent 
exaggeration of the deposit of brain sand 

In our case the calcification of the pineal is an evidence of the 
degenerative processes of senescence, which are manifested as well by 
the extreme arteriosclerosis and calcification elsewhere in the body It 
IS not astonishing that there were no symptoms referable to the pineal 
gland Whatever function the pineal gland may have is exercised 
before puberty The pineal secretion is supposed to inhibit growth 
With pineal disease this inhibition is removed and there is adiposity, 
general bodily overgrowth, with precocious sexual development, 
increase in size and development of the sex organs, and precocious 
change of voice in boys After puberty the pineal gland undergoes 
involution, and so one would not expect symptoms from pineal calcifi- 
cation after adolescence 


CONCLUSIONS 

Shadows due to calcification m the pineal gland are found quite 
frequently in roentgenograms of the skull In the vast majority of 
cases the calcification is only an exaggeration of the deposit of brain 
sand found normally m the pineal gland of adults As would be 
expected, these shadows are found more frequently with advancing 
age Since the calcification occurs in the course of the normal involu- 
tion of the pineal gland, it has no significance except in very young 
individuals In these it may be an evidence of an abnormally early 
involution of the pineal gland, which, if it occurs at the period when 
the gland is normally physiologically active, may cause symptoms due 
to insufficiency of the pineal secretion 

5 Timme, W Progressive Muscular Dystrophy as an Endocrine Disease, 
The Archives Int Med , 1917, 19 , 79 



ANATOMIC OBSERVATIONS CONCERNING THE 
MECHANISM OF BILE RESORPTION IN 
JAUNDICE 

HORST OERTEL, MD. 

MONTREAL, QUE 

The manner in which bile is resorbed from the liver into the blood, 
general circulation and tissues presents much that is still unclear and 
uncertain 

The subject is complicated by our imperfect knowledge of the finei 
structure of the liver For, while the direct relation of the liver cells 
to blood and bile capillaries is not quite definitely settled, there exists 
no agreement whatever as to the presence or absence of lymph channels 
in the acini It is held by some that perivascular lymph sheaths lie 
between liver cells and capillaries,^ while others positively deny this ^ 

The question, then, as to whether bile resorption in the liver occurs 
as the result of primary lymph or direct blood resorption, is com- 
plicated by anatomic uncertainty 

The physiologic experiment is unable to solve this problem, for 
not only are the observations and conclusions of experimenters quite 
contradictory,® but lymph and blood have naturally been collected for 
analysis outside of the liver, sometimes at considerable distance, where 
a relation to the primary channels of resorption cannot with certainty 
be determined, and in which modifications by collateral circulation, 
secondary diffusion and other possible influences on bile contents of 
lymph and blood, cannot be satisfactorily estimated 

Submitted for publication July 21, 1917 

*From the pathological laboratories of the Royal Victoria Hospital and of 
McGill University 

1 Disse Arch f. mikr Anat, 1890, 36 . Burker Pfluger’s Arch f Ges 
Physiol , 1901, 83 , 241 Eppinger, Jr Ziegler’s Beitr z path Anat u z allg 
Path , 1902, 31 , 230 Kretz Ergebn d allg Path u path Anat , 1904, 2, 502 
Ibid, Handb d allg Path, v Marchand and Krehl, 1913, 2, Part 2, p 468 
Reinke Verhandl d anat Gesellsch , 1898, No 12 

2 Schafer Textbook of Microscopic Anatomy Longmans, Green Co , 1912, 
p 571 Herring and Simpson Proc Roy Soc Med and Surg, 1906, 78 . 
Browicz Bull Acad d Sc de Cracovie, July, 1899, January and May, 1900 
Teichmann Abhandl d k preuss Akad d Wissensch Krakau 1899, 34. 
Kaufmahn Spec Path Anat, Berlin, Georg Reimer, 1911, 1, 565 

3 Kaufmann Spec Path Anat , Berlin, Georg Reimer, 1911, 1 , 637 Kretz 
Ergebn d Path u path Anat, 1904, 2, 502, Ibid, Handb d allg Path, 
V Marchand and Krehl, 1913, 2 , Part 2, p 468 Whipple and King Jour Exper 
Med, 1911, 13 , 115 
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If the immediate path of bile resorption remains undecided, it is 
generally conceded that the mediate cause lies in bile obstruction in, oi 
outside of, the liver by either coarse mechanical means or finer intra- 
hepatic impediments to the bile flow cholangeitis, pericholangeitis, bile 
thrombi or a thick, so-called pleiomorphous bile 

I 

The conditions consequent on the first cause, that is, coarse mechan- 
ical occlusion of the larger bile ducts, are perhaps best understood and 
commonly summarized under the term obstructive jaundice The 
classic example of obstructive jaundice is stone in the common duct, 
which may either obliterate the duct entiiely, or, at least, narrow it to 
such an extent as to bring about dilatation and backward pressure 
into all other bile ducts, which gradually extend into the bile capillaries 
Bile consequently stagnates, ultimately bile capillaries rupture, and 
finall)'’ bile imbibition with necrosis of the liver cells results 

This well known, common picture may be variously modified and 
complicated by accompanying infections and inflammatory changes 
Very similar, of course, are the results from obliterations or partial 
obstructions of the hepatic duct 

During the later stages of obstructive icterus certain changes occur 
in the contents of the larger bile vessels, the most conspicuous of 
which is gradual resorption of bile pigment and substitution of the 
bile by a thick or thin mucoid, viscid fluid, so that the bile canals 
appear finally as cystic dilatations 

As simple and easy of comprehension as this course of events 
‘^"ems on first sight, and as it has been fixed in our mind by experience, 
ihere still remain some links in this chain which need strengthening, 
especially in the light of some unusual but very notable and positive 
exceptions to the rule 

A particularly impressive exception which, in a way, carries the 
weight of an experiment, came recently to necropsy in these labora- 
tories it illustrates, quite apart from its theoretical importance, that 
a considerable, if not complete, obstruction of the common bile duct 
and hepatic ducts may occur, sufficient to produce ecstasy even in their 
smaller branches in the liver, without any general or even local hepatic 
jaundice and, apparently, even without subjective symptoms 
, As far as can be determined, the case differs in extent and manner 

of obstruction from those mentioned in literature unfortunately only 
in a casual v ay without the care which they deserve 

Thus, Rolleston^ says 

4 Rolleston Diseases of the Liver Macmillan, 1912, p 749 Griffon Bull 
Soc anat , Pans, 1896, 71 , 513 (Quoted by Rolleston ) 
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Jaundice which has been marked early m the course of impaction, may wane 
and finally disappear, and after death a loose calculus may be found m the duct 
Griffon records four cases of this kind m which the calculus was found just 
above the biliary papilla In exceptional instances there may never at any 

time be jaundice, although the common duct contains calculi 

Unfortunately, no mention is made of the size of these calculi, their 
exact position, physical constitution and stability or mobility, and 
whether they lead m the cases referred to, to obstruction, back pressuie 
and dilatation of the ducts This is, of course, the all important matter 
m the production of jaundice 

Kaufmann'^ also refers to such instances in a cuisory way He 
writes, m reference to obstructions of the common duct “In rare cases 
a tremendous stone may occur (as author saw, over thumbthick) with- 
out jaundice ” But he gives no further details Aschoff “ makes no 
mention of such cases Ziegler" also makes no reference to these 
exceptions 

REPORT OF CASE 

Histoiy — The case observed m these laboratories concerns a man 73 years 
of age who was admitted to the Royal Victoria Hospital July 12, 1916, and who 
died July 17, 1916 

He complained of inability to pass urine, and of constipation for the previ- 
ous three months For two weeks before admission catheterization had been 
employed He had lost considerable weight, was rather poorly nourished, but 
showed no other abnormal physKal signs and gave no history of other symptoms 
Family history and personal history were negative, and he gave no account 
of any previous illness 

Examination — Examination disclosed a smooth, but irregular, hypertrophied 
prostate The urine contained some blood and pus cells 

Operation — ^July 13, under local anesthesia, the first stage of a prostatectomy 
by suprapubic incision, with drainage, was performed 

July IS the patient’s general condition was much worse, pulse became weak 
and irregular and he died July 17, at 9 30 p m 

Necropsy — Necropsy (117’16) showed the body of a man of about the 
age stated, 175 cm in length, of good frame, but of poor nutrition, skin pale 
and clear, with a number of ecchymotic spots on the right shoulder and axilla, 
pupils Avere unequal, conjunctivae clear 

Section disclosed no free fluid in the abdominal cavity, several loops of small 
intestine in the lower left quadrant were dark greenish m color and there were 
numerous recent fibrinous adhesions between different loops of bowel and parietal 
peritoneum in the region of the descending colon Outside of an enlarged 
prostate, no other essential lesions were found except the folloiving unsus- 
pected condition of the liver and bile ducts While still in situ a very marked 
dilatation of the extrahepatic bile ducts was noticeable The gallbladder, on 
palpation, revealea a large number of stones, but some thin bile could be 
squeezed with difficulty from the gallbladder into the duodenum 

On palpation of the thick common duct a large calculus was found, located, 
practically impacted, at the ampulla of Vater (Fig 1) On opening the com- 
mon duct this gallstone was oblong, egg-shaped, and measured 3 by 1 5 cm 


5 Kaufmann Spec Path Anat, Berlin, Georg Reimer, 1911, 1 , 631 

6 Aschoff Path Anat, II, Jena, Gustav Fisher, 1913, p 914 

7 Ziegler Spec path Anat, Jena, Gustav Fischer, 1902, p 651 



76 


HORST OERTEL 


ARCH INT 


The duct itself measured at the papilla 3 cm in diameter Following the duct 
upward, it was found to contain three other large, irregular, cherrystone-sized, 
as well as a number of smaller, pea-sized stones, six m number It was mark- 
edly dilated throughout, its ^widest portion, about 5 5 cm above the papilla, 
measured 4 cm m diameter ' At the junction of the cystic and hepatic ducts 
the diameter was also 4 cm 

The much dilated main hepatic duct contained one large, firmly lodged calculus 
rather irregularly tnangulai in shape and the size of a large cherrystone 
Above it were seven smaller, pea-sized, loose stones varying somewhat in size 
This duct measured 2 25 cm in diameter 

The right branch of the mam hepatic duct contained four large pea-sized 
stones and a number of other seedlike concretions It measured 1 cm in 
diameter 

The left branch of the mam hepatic duct contained a large pea-sized stone 
and also a number of seedlike concretions Its diameter was 1 5 cm 

The mtralobar ducts were visibly dilated and measured from 2 to 4 cm m 
diameter Many contained fine granular bile precipitations Smaller, pomtlike, 
greenish discolored ducts were also to be seen m the liver substance, the 
parenchjma, however, was not jaundiced, but rather pale, reddish brown, with 
indistinct markings, and generally intact and firm 



>• Fig 1 — Photograph of gallstones found in case of obstruction of bile ducts 

\\i*^hout icterus 1 Stones contained m common duct, a Large stone impacted 
at ampulla 2 Stones m gallbladder 3 Stones m mam hepatic duct 4 Stones 
in hepatic duct of left lobe m liver 5 Stones m hepatic duct of right lobe in 
liver (For further description see text ) 

The dilated bile ducts did not show any thickening of their walls, but were 
stained a bright green But this discoloration extended nowhere into the sur- 
rounding li\er substance 

The cystic duct measured 0 5 cm at its origin 

The gallbladder was distended, contained some yellowish bile and a large 
number, about twenty, of variously sized and irregularly shaped stones 

The consistency of all stones was very firm, hard, with rounded, smooth but 
strong edges 

A.nalvsis showed the calculi to be largely cholesterm precipitated around an 
organic nucleus, with a considerable amount of bile pigment 

Microscopic Examination — Microscopic examination of the liver showed 
parenchjma and interlobular tissue intact There was nowhere dilatation, bile 
engorgement or inflammation of the interlobular bile ducts, and the columnar 
arrangement of the liver cells within the acini was not disturbed The acinar 
blood capillaries were somewhat engorged, especially around central veins, but 
bile precipitation or engorgement of bile capillaries was entirely lacking and 
Iner cells appeared uniformly healthy 
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We are dealing, therefore, m this instance with an apparently- 
marked obstruction of the large intrahepatic and extrahepatic bile 
ducts, which, however, has not extended into the smaller interlobular 
ducts and acinar bile capillaries 

The question arises how to explain this, more especially, how to 
account for absence of bile stasis m the parenchyma and lack of icterus 

There can be no question that the obstruction was severe, if not 
complete All anatomic evidence points in that direction the location, 
size, consistency and number of stones as well as the tremendous, 
sausage-like dilatation of the ducts themselves Whether the obstruc- 
tion was ever an absolute one is of course not possible to answer with 
certainty, for we possess no record of the color of feces during life, 
and the necropsy protocol does not specify any abnormality m them 
However, this is not, it seems to me, of essential importance, for 
admitting some bile to have escaped, which is indeed quite possible, it 
IS certain that the obstruction was sufficient to cause ecstasy of the bile 
ducts It remains, then, to be answered why this did not extend to 
and include the interlobular ducts and intra-acmar bile capillaries and 
liver cells Every pathologic anatomist will recall cases of severe 
obstructive jaundice in which the obstruction appeared less complete 
and the dilatation of the ducts less pronounced than here, and still was 
consideied sufficient to account for the occurrence of icterus It fol- 
lows, therefore, that additional factors enter into its formation besides 
the mere mechanical blocking of the ducts One of these is well 
known, and I shall simply mention it m passing, for it does not directly 
concern this issue, namely, inflammation of the bile ducts An even 
moderate stasis may, by secondary ascending cholangeitis and peri- 
cholangeitis, lead to severe jaundice But such cases are not of pure 
stasis, unlike the case here before us, and they stand, theiefore, out- 
side of this discussion 

One other point must be settled at the start, namely, whether this 
case belongs to the rare category, mentioned by Rolleston, in which 
fading of pigmentation, almost to disappearance, occurs Judging from 
the meager records, this appears to follow a reestablishment of bile 
flow in which, therefore, the obstruction, say from one stone, was 
relieved by mobilizing it That is not comparable to this case at all 
Moreover, the entire integrity of the liver cells, the general preserva- 
tion of their architecture, the lack of necroses or evidences of regenera- 
tion as seen after necroses, together with the perfectly normal appear- 
ance and arrangement of interlobular structures, make a previous 
jaundice most improbable, for such a complete, uniform recovery from 
what must have been a severe and lasting icterus to absolutely normal 
conditions in a case m which, as we know, the obstruction has not been 
relieved, seems to me impossible The explanation must, therefore, be 
sought elsewhere 
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Now It IS well known that a resorption of bile in the liver occurs 
only with the existence of considerable over-pressure Burker has 
shown that this follows an overpressure of 20 mm Hg The place of 
resorption is in the portal zone of the liver parenchyma, not from the 
interlobular ducts lined by cyhndncal epithelium It is evident, there- 
fore, that the pressure iii the parenchyma can never have risen here 
sufficiently to force the bile back into, or interfere with the discharge 
of bile from, the bile canahcuh and interlobular ducts This much 
seems certain, but ]ust how and why this was avoided can, with oui 
present Icnowledge, only be surmised 

In the first place, much may depend on the manner and rapidity 
with which obstruction occurs When an obstruction takes place 
slovdy and gradually (not unlikely in this case by entire absence of 
subjective history or symptoms) the results are apt to be very different 
from rapid occlusion with normal bile flow For it is conceivable that 
when the bile stagnation in the larger ducts has gradually reached a 
certain degree, diminution or even cessation of bile formation may 
occur (Reflex action^) The pressure of the bile may, theiefore, never 
become great enough, especially if some slight outflow is intermittently 
possible, to extend to the interlobular bile ducts and to the acinar 
canahcuh, although a sufficient bile \olume may gradually accumulate 
in the larger and extrahepatic ducts to cause them to dilate ® 

The character of the bile itself must also be of importance For a 
thin, watery bile would not only be less apt to exert overpressure, but 
would, by virtue of its easy flow, be more apt to escape by the obstruct- 
ing agent into the duodenum and thus just counterbalance a rise of 
iiressure through the interlobular ducts into the bile capillaries A 
I ' ck, slowly flowing, viscid bile would naturally have opposite effects 
I consider, therefore, that rapidity and manner of obstruction, 
together with the character of the bile, are most probably of funda- 
mental impcfLance in the results of interference with the bile flow 
ihrouc;!' the iaige extrahepatic ducts, thus, even severe obstiuction 
be regulated by a gradual adaptation to the new conditions and 
the credtion, so to speak, of a new mechanism of bile elimination 
I might in this connection i ef er here briefly to another case, recently 
under observation, of a woman, 48 years of age, dead from hemor- 
rhage after hysterectomy and cholec)'’stolomy for gallstones Necropsy 
(eO 17) disclosed two small, loose stones in the hepatic duct 2 cm 
above the junction with the common duct Above this point the larger 
braiiches of the hepatic duct showed moderate dilatation There was 
no general jaundice The liver weighed 1,600 gm , was pale mottled, 

8 Expenments vith regard to these points are at present conducted in our 
laboratories 
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yellowish and very friable, fatty, with indistinct markings Micro- 
scopically, the liver showed patchy, irregular bile precipitation in 
limited areas around the central veins in swollen, fatty, vacuolated liver 
cells with much blood stasis, but no general icterus, no diftuse bile 
imbibition of liver cells of bile in the acinar canahculi The lobular 
periphery, particularly, was everywhere free from bile Evidently 
this patchy, limited, central bile retention in liver cells was m this 
instance not due to extrahepatic obstruction at all, and was probably 
attributable to other causes namely, severe venous congestion with 
subsequent changes in the liver cells 

It would be instructive to obtain m similar rare or unusual cases 
detailed information and analysis regarding the points here discussed 
and thus gam a more exact knowledge of the conditions underlying 
icterus consequent on pure obstruction of common or hepatic duct than 
we command at present 

II 

If we have seen that the conditions leading to jaundice in pure 
obstruction are not as simple as they appear at first sight, they become 
much more complicated in those cases in which no gross obstruction 
may be discovered , that is, in the various forms of so-called hematog- 
enous, toxemic or hematic icterus That the liver is essential for its 
production is now generally conceded, although the observations of 
Whipple and Hooper^ seem to indicate that bile may be formed on 
intravenous injection of hemoglobin into dogs after exclusion of the 
liver from the circulation, and the investigations of Joannavics^® point 
to the necessity of the spleen as a preparator of blood corpuscles for 
the production of bile by the liver Its exact mechanism is, however, 
not definitely known Most generally accepted are the ideas of Stadel- 
mann,^^ Minkowski,^^ and the more definite views of Eppinger, Jr, 
according to which an excessive production of a pleiochromous, thick 
bile occurs (hyperchoha) which cannot be normally discharged, and 
therefore enters the blood (parapedesis) Eppinger, Jr has fur- 
nished a more definite anatomic conception by demonstrating bile 
thrombi (intracapillary bile thrombosis) in the liver of these cases 
According to these views, the hematogenous jaundice is, in the last 
instance, an intra-acinar obstructive jaundice 

9 Whipple and Hooper Jour Exper Med , 1913, IT, 593 and 612 

10 Joannavics Ztschr f Heilk, Path Abt , 1904, 25, 25, Ibid, Recherches 
expenmentales sur la pathogenese de I’lcters Prize essay Brusseles, 1903 

11 Stadelmann Der Icterus, Stuttgart, 1891 

12 Minkowski Kongress f inn Med , 1894 , Ibid , Ergehn d Path u path 
Anat , 1897, 2. 

13 Eppinger, Jr Ziegler’s Beitr z path Anat u z allg Path , 1902, 31, 
230, and 1903, 33, 123 
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It is particularly in this connection that the question of bile 
absorption by lymph or blood stream has been actively discussed 
Eppinger, Jr , Kretz and others firmly believe in the existence of intra- 
acinar lymph channels, while again others (notably anatomists and 
histologists) deny their existence entirely The views of Eppinger, Jr , 
and Kretz are largely based on pathologic evidence In edematous 
livers and those in which loss or shrinkage of liver cells occurs, there 
appear definite perivascular sheaths between capillaries and liver cells, 
occasionally filled with amorphous coagulum These are regarded by 
them as perivascular lymph spaces or roots of lymphatics I have 
convinced myself of their existence in a number of livers 

The stain which I have long employed for these and other sections in which 
exact definition, differentiation and contrast are desired consists in deeply 
staining paraffin sections in hematoxylin (long washing with few drops of con- 
centrated solution of lithium carbonate added to the wash water), immersion 
in a concentrated solution of picric acid, with almost immediate withdrawal and 
thorough washing in abundance of water 

Counterstain with a solution of watery eosin, prepared by adding drop by 
drop a strong solution of eosin to a large test tube of water until the color 
of the water is bright red, for about thirty to forty-five seconds Wash thor- 
oughly in water, rapidly dehydrate clear m oil of bergamot, mount (It is 
well to control each step under low power of the microscope ) Protoplasm 
stains purplish, nuclei deep blue, red cells yellow, fibrous tissue pink Cell and 
nuclear outlines and definitions, reticulum, and contrasts come out exceedingly 
well by this method It is more delicate than Van Gieson’s stain, and well 
adapted for microphotographic purposes In suitable cases the perivascular 
spaces are definite and plain according to this method But I am conscious that 
it IS difficult to exclude artefacts, that is, an artificial separation of capillaries 
from the cells Nevertheless, it must be admitted that their general and uniform 
appearance in cerain cases argues against that view, as well as observations in 
jaundiced livers to which I shall refer later 

To return to the consideration of the mechanism by which toxic or 
hematic icterus is produced The observations and views of Min- 
kowski,^^ Stadelmann^^ and Eppinger, Jr,^^ which are strongly sup- 
ported by Kretz, furnish a satisfactory explanation for a number of 
these cases, but by no means for all For there are others in which 
neither a thick, pleomorphous bile nor bile thrombi can be demon- 
strated Every pathologic anatomist recalls cases of hematogenous 
icterus in which these are absent It is, therefore, necessary to account 
for them in some other way 

It has been suggested that bile thrombi, the original cause of the 
icterus, have disappeared this is a view I cannot share, for the whole 
histologic picture in many of these cases is quite different from those 
due to pleomorphous bile and bile thrombi Instead of coarse, plump 
precipitations and coagulations in intercellular canahculi and liver cells, 
these cases show a fine, diffuse, granular bile precipitation in the pro- 
toplasm of the liver cells, usually with cell swelling and patchy cell 
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loss It has been suggested by Sterliiig^^ that jaundice may result 
from injury to liver cells, which leads to disorganizations or occlusion 
of the smallest intracellular bile canals by swelling or fibrin plugs 
But the gieat objection to this explanation is the fact that relatively 
few cases of parenchymatous degeneration or edema in the liver are 
associated with bile retention and resorption, and that even quite gen- 
eral and extensive necroses may occur without the slightest evidence 
of jaundice or even local bile precipitation I have only recently 
examined the liver from a patient with fatal septicemia consequent to 
gangrene of the gut in a strangulated hernia, which showed very 
prettily all stages of pure toxic liver necroses, but there was nowhere 
any evidence of icterus 

The same is true of chronic venous congestion m which, as have 
pointed out elsewhere, severe jaundice may occur, particularly toward 
the end of the process On the other hand, jaundice may be absent 
even in quite extensive necroses in venous cyanosis, or at least may 
lead only to slight icteric tinge of conjunctivae with very little evidence 
of bile precipitation and resorption m the liver itself Plainly, there- 
fore, parenchymatous swelling, cell loss, even extensive necroses are 
m themselves not sufficient to account for jaundice Something else is 
also essential 

Some light may be thrown on this question by observations I have 
recentl}'- made in a number of cases of hematogenous jaundice to which 
the views of Stadelmann and Eppinger, Jr , seemed not applicable 
They were cases of sepsis, pneumonia, and toxic lesions of pregnancy 
accompanied by definite general icterus It has already been said that 
these cases presented a characteristic histologic picture Bile was 
rather diffusely “dusted’’ or “sprinkled,” mostly m fine granules, 
spherules and minute clumps throughout the liver sections Closer 
inspection showed it precipitated within turbid protoplasm of degen- 
erating and fading liver cells These precipitations did not correspond 
to intracellular casts of fine canaliculi On the contrary, none of these 
could be discovered Higher magnification showed further character- 
istic pictures, which were especially well displayed m the liver of a 
woman dead with marked jaundice from toxic vomiting m pregnancy 
(Fig 2 ) (Necropsy 25, ’17 ) Here it was seen that the fine, granular 
pigment was gradually set free from the liver cells, possibly washed 
away, but frequently by direct fading and loss of cells It was then 
to be observed m the perivascular sheaths, as already described by 

14 Sterling Arch f exper Path, 1911, 64 . 

15 Oertel, H The Archives Int Med , 1910, 6, 293 , Ibid , Berl khn 
Wchnschr, 1912, 41 , 2019, Ibid, Bull Johns Hopkins Hosp , 1917, 28, 318 
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Mallory/® and also in the lining endothelial cells of the capillaries, 
Kupfer’s cells, and, furthermore, in the capillaries themselves, where 
It appeared partly in leukocytes and partly free in granules and minute 
clumps I have observed in the same case pictures lesembhng some- 
what those described by Rossler” as phagocytosis of red blood cells by 
liver cells In some of the liver cells could be noted fading yellowish 
disks, evidently red blood cells , some of the bile spherules in the same 
cells 50 closely approached in size and outline red blood cells that they 
suggested a direct local transformation of hemoglobin into precipitated 
bile, a view further strengthened by some pictures suggesting stages of 
that process 

On the other hand, in a recent case of severe typhoid fever in which 
there was no evidence of icterus, the liver cells, which were enoimously, 
acutely swollen, turbid and very edematous, showed phagocytosis of 
red cells and blood pigment, with rapid fusion and fading of the 
hemoglobin, but no precipitation Evidently the pigment went rapidly 
into solution within the watery cell protoplasm 

It would appear, therefore, that this icterus depends primarily not 
on blocking of the finer ducts, but lack of entrance, that is, proper dis- 
charge of bile into the bile canaliculi 

Many years ago (1893) Liebermeister,^® from purely theoretical 
considerations, advanced the view that hematogenous icterus resulted 
from inability of the liver cells to retain the bile which, therefore, 
diffused into blood and lymph He spoke of this as akathectic icterus 
(from the ai^aSerros of Plutarcli) 

These theoretical conceptions were, of course, rather vague, and 
have, for this reason, never enjoyed much favor, nevertheless, they 
are to some extent borne out by these investigations 

He was right when he traced the ultimate cause of hematogenous 
icterus to the liver cells themselves For our observations indicate 
that the lack of proper discharge of bile into the finest canaliculi is 
due to an heratiori in cell protoplasm which throws the bile out of, 
respect ivel) prevents its entrance into, the cell emulsion 

A^'lu^t, then, is the cause of this bile precipitation^ 

It may be due to a ferment, and, indeed, Gideon Wells,^® based on 
the work of Lang,“® is inclined to take this view as to the manner of 

16 Mallory Principles of Pathologic Histology Philadelphia, Saunders 
Co , 1914 p 117 

17 Rossle Ziegler’s Beitr z path Anat u z allg Path , 1907, 41 , 181 

18 Liebermeister Deutsch med Wchnschr , 1893, 19 , 365 

^ 19 Wells, G Chemical Pathology, Philadelphia, Saunders Co , 1914, p 443 
(lootnote) 

20 Lang- Ztschr f exper Path u Therap , 1906, 3, 473 (Quoted by Wells) 
Lang has demonstrated the presence of fibrinogen in the bile of phosphorus 
poisoning 
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formation for the bile thrombi observed by Eppmger, Jr But it is 
perhaps justifiable to assume, from our present knowledge of the 
internal structure of protoplasm and m harmony with the morphologic 
findings described above, that this fine, diffuse bile precipitation depends 
on specific changes in the colloidal state of the cells by certain toxic 
substances This would explain why some infections and intoxications 
are more apt to lead to icterus than others 

Swelling, degeneration and disorganization of the cells are asso- 
ciated with and follow these changes, but it is clear that in themselves 
they are unable to produce icterus as long as bile is kept m piotoplas- 
mic solution, or perhaps better, emulsion 

If bile precipitation is the first requisite for the production of 
jaundice, the second requisite is, as has been shown, discharge of the 
pigment, either through cell (protoplasmic) currents, or, especially, 
through cell disintegration and loss, into the perivascular spaces and 
passage of the bile into the blood capillaries 

The conclusion is reached, therefore, that bile resorption in hema- 
togenous icterus may occur by mtra-acmar lymph and blood resorption 
almost simultaneously 

I am aware of the fiagmentar}'- character of these contributions, 
but incomplete as they are, they emphasize the importance and desira- 
bility of renewed, especially anatomic and histologic, observations in 
obstructive as well as toxic icterus 
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STUDIES ON THE METABOLISM IN GOUT - 

J A WENTWORTH, MD, and C W McCLURE, MD 

BOSTON 

Gout IS generally considered a disease of metabolism For this 
reason different types of metabolic studies have been made by a large 
numbers of investigatois A summary of these investigations will be 
found in the reports of Magnus Levy,^ McClure and Pratt- and 
McClure ^ The gaseous metabolism of gouty patients was studied by 
Magnus Levy by means of the Zuntz method of indirect calorimetry 
He found the heat production calculated on the basis of body weight 
and the respiratory quotients to be within the limits of variation con- 
sidered as normal We have made a study of the heat production of 
gouty persons as calculated from the oxygen consumption for the three 
following reasons 

1 In order to compare the heat production during the period of 

acute gouty attacks with that present when the patients were free from 
symptoms ' 

2 For the purpose of comparing the basal metabolism of gouty 
patient^ on punn-free and nuclein-rich diets 

3 To be able to calculate the total heat production of gouty per- 
sons according to the linear formula of Du Bois ^ 

EXPERIMENTAL PROCEDURE 

Only those patients were selected for study who possessed tophi from which 
sodium urate crystals were obtained After patients were on a punn-free diet 
from four to twenty-three days their metabolism and the total nonprotem 
nitrogen in the blood were determined Then daily additions of 150 gm of 
cooked sweetbreads were made to their otherwise punn-free diet over a period 
of two to fi^e da}s At the end of this time the basal metabolism and blood 
nono' iteir nPiogen ivere again estimated 

Lisal metabolism was determined by the indirect method of calorimetry 
The usual mask covering the nose and mouth was used and the expired air 
was collected in a Tissot spirometer Analyses for oxj'gen and carbon dioxid 

Submitted for publication Aug 16, 1917 

From the Medical Service of the Peter Bent Brigham Hospital 

1 Magnus-Levy, A Ueber Gicht Klinische Beobachtung, chemische Blut- 
untersuchungen uiid Stoffwechselversuche Ztschr f klin Med , 1899, 36, 353 

2 McClure, C W, and Pratt, J ,H Uric Acid in Gout The Archives 
Int Med , 1917, 20, 481 

3 McQure, C W The Renal Function in Gout The Archives Int Med , 
to be published 

4 Gephart, F C , and DuBois, E F The Basal Metabolism of Normal 
Adults with Special Reference to Surface Area The Archives Int Med, 
1916, 17 , 902 
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were made with the Haldane gas analysis apparatus Subjects were kept at 
complete rest in bed without food or drink for eight hours before running an 
experiment Each experiment consisted of two to three periods of about ten 
minutes each in which the expired air was collected The results of these 
periods will be given in tables with the report of the different cases Total 
nonprotem nitrogen in the blood was determined by the direct nesslenzation 
method of Folin and Denis “ Uric acid in the urine was estimated by Folin’s 
modification of the method published m his laboratory manual” The modifica- 
tion consisted in substituting the “uric acid reagent” for the “uric acid and 
phenol reagent " ^ 

The basal metabolism has been studied in one gouty patient receiving a 
mixed diet, in one during an acute attack, and m three, first on a punn-free, 
and then on a nuclein-rich diet At the time of the metabolism experiments 
the latter three patients were free from gouty symptoms 

SYNOPSIS OF CASE REPORTS 

Case 1 — M W S Med No 6264 White, male, aged 40 Admitted to 
the Peter Bent Brigham Hospital March 10, 1917, and discharged April 25, 1917 
Diagnosis Chronic nephiitis, hypertension, acute uremia, gout, question 
of a patent ductus arteriosus 

The patient habitually drank two bottles of beer daily For the previous 
twenty-five years he had had attacks of acute arthritis which were character- 
ized by the symptoms usually ascribed to gout In recent years the attacks had 
been polyarticular and from one to seven weeks in duration The last attack 
began in the right wrist two days befoi;e entering the hospital March 9, 1917, 
the patient developed uremic coma 

Physical examination March 10, 1917 The patient was a well nourished 
man lying in a stuporous condition A small tophus was present in each ear 
from which sodium urate crystals were obtained The area of cardiac dulness 
measured 13 cm to the left in the fifth interspace, and 4 cm to the right m 
the fourth interspace A loud, rough systolic murmur was audible over the 
precordium and of maximum intensity along the left sternal margin and in the 
pulmonic area The heart’s action was regular The walls of the radial arteries 
were barely palpable Blood pressure was 200 mm systolic and 100 mm diastolic 
There was some swelling of the right hand and wrist \ 

The urine contained a heavy trace of albumin, many casts, and a few erythro- 
cytes The blood carbon dioxid was 30 6 mm The blood contained 49 mg of 
urea nitrogen per 100 cc and the McLean’ index of urea excretion was 115 
per cent The phenolsulphonephthalein excretion was 21 per cent m two hours 
By March 12, 1917, the patient had recovered from his attack of uremia and 
of gout On a punn-free diet the amount of blood urea nitrogen fell gradually 
to 27 mg per 100 c c on April 4, 1917 The index of urea excretion remained 
low but the phenolsulphonephthalein excretion for two hours rose to 40 per cent 
Case 2 — W P G Med No 6625 Negro, male, aged 43 Entered the 
Peter Bent Brigham Hospital May 16 and was discharged May 28, 1917 Diag- 
nosis Gout, very questionable chronic nephritis 

The patient’s habits were good During the previous ten years he had had 
a dozen attacks of gout affecting the joints of the lower extremities and of the 
phalanges of the fingers On physical examination numerous tophi were found 
m the ears and about the finger joints Otherwise, physical examination was 


5 Folm, O , and Denis, W Nitrogen Determinations by Direct Nessler- 
ization II Nonprotem Nitrogen in Blood Jour Biol Chem , 1916, 26, 491 

6 Folm, O A Laboratory Manual of Biological Chemistry New York, 1916 

7 McLean F C, and Selling Lawrence Urea and Total Nonprotem 
Nitrogen m Normal Human Blood Relation of Their Concentration to Rate 
of Elimination Jour Biol Chem , 1914, 19 , 31 



TABLE 1 — Basal Metabolism of Gouty 
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* Basal metabolism calculated according to the linear lormula of DuBols 

TABLE 2 — Basal Metabolism of Gouty— 
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Basal metabolism calculated according' to the linear formula of BuBois 




















































•Patients Receiving a Purin-Free Diet 
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— Patients Receiving a Nuclein Rich Diet 
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negative The blood pressure was 135 mm systolic and 95 mm diastolic The 
urine contained no casts, no blood, and no epithelium A scant trace of albumin 
was found once in the examination of several urine specimens Phenolsulphone- 
phthalem excietion for two hours was 42 per cent Renal studies in this case 
have been reported by one of us® 

The patient vas placed on a purm-free diet May 17, 1917 He developed a 
mild gouty attack which affected the right hand, and, to a less degree, the 
right knee and elbow on May 19 and 20 On May 21 the attack had subsided 

Case 3 — J G Med No 6320 White, male, aged 58 Admitted to the 
Peter Bent Brigham Hospital March 23, 1917, and discharged April 11, 1917 
Diagnosis Gout, arteriosclerosis, hypertension, chronic myocarditis, very 
questionable chronic nephritis 

The patient used beer freely He had had about sixteen attacks of severe 
polyarthritis of gouty character during the previous twenty-six years Physical 
examination showed numerous tophi in the ears and fingers The joints showed 
the changes of a chronic arthritis The radial artery walls were sclerosed Blood 
pressure was 185 mm systolic and 117 mm diastolic Otherwise, physical exam- 
ination was negative Urine examinations were negative Phenolsulphone- 
phthalein excretion was 52 per cent in two hours Renal studies in this case 
have been reported by one of us® 

Case 4 — F J S Med No 6154 White, male, aged 43 Diagnosis Gout, 
obesity 

The patient’s habits were good During the previous ten years he had had 
numerous attacks of arthritis in one or several joints of the lower extremities 
Physical examination was essentially negative There were no signs of cardio- 
vascular disease Blood pressure was 130 mm systolic and 90 mm diastolic A 
tophus was present in the right ear and from it sodium urate crystals were 
obtained The urine contained a scant trace of albumin, but no other pathologic 
elements were found Phenolsulphonephthalem excretion was 50 per cent m 
two hours Renal studies in this case have been reported by one of us’ 

EXPERIMENTAL FINDINGS 

The results obtained m the study of the gaseous metabolism of 
the three gouty patients who received a purin-free diet are given m 
Table 1 

A study of the table shows that the respiratory quotients are not 
abnormal The heat production and the percentage of the basal metab- 
olism are lower in all cases than the average normal But they are not 
far enough removed from the normal to be significant of any distur- 
bance in intermediary metabolism The blood shows a slight retention 
of nonprotein nitrogenous substances in Cases 1 and 2 

In Cases 1, 2 and 3 the patients were fed 150 gm of sweetbreads 
daily for from two to five days A second experiment was run on 
Case 3 (Experiment 4, Table 2) in which the patient received 
anchovies, beef liver and beef kidneys over a period of three days 
instead of sweetbreads The effect of nuclein-nch diets on the gaseous 
exchange in the three gouty cases is given in Table 2 

A study of Table 2 shows no abnormalities in the respiratory quo- 
tients The heat production and the percentages of the basal metab- 
olism are lower than the average normal A comparison of Table 2 
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With Table 1 shows no changes of significance in the respiratory quo- 
tients in the three cases of gout The percentages of basal metabolism 
are lower in all cases after the feeding of nuclem-rich materials, but 
the differences are not great enough to be indicative of any disturbance 
m intermediary metabolism To rule out a possible effect on metab- 
olism of the thyroid gland contained in sweetbreads, control experi- 
ments were made on Case 3 Instead of sweetbreads the patient was 
given, over a period of three days, 88 gm of anchovies, 500 gm of 
beef liver, and 400 gm of beef kidneys On this diet the basal metab- 
olism of Case 3 was 3 per cent lower (Experiment 4, Table 2) than 
when a purm-free diet was fed (Experiment 4, Table 1) From this 
result it IS concluded that the thyroid gland fed m the other experi- 
ments (Experiments 1, 2 and 3 of Table 2) did not appreciably affect 
metabolism 


TABLE 3 — Basal Metabolism, May 20, 1917, of Case 2 
During an Acute Attack of Gout 

Eatient’s height, 177 6 cm , weight C5 8 Lg , surface area, 1 82 sq m , Temp (r) 89 8 F 
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* Basal metabolism calculated according to the linear formula of DuBois 


A metabolism experiment was made during the time the patient. 
Case 2, was suffering with a mild attack of gout The patient was 
receiving a purin-free diet The findings are tabulated in Table 3 
The respiratory quotient, although slightly lower than in the other 
two experiments (Tables 1 and 2) on this patient, is not abnormal 
The heat production and total metabolism percentages are just below 
the average normal figures for a man of 44 The heat production, 
however, is 6 2 calories more per hour and the total metabolism 15 per 
cent higher than in the two previous experiments on this patient 
(Experiments 2 in Tables 1 and 2) The significance of this finding 
will be discussed later 

The gaseous metabolism of gouty Case 4 was studied A synopsis 
of the report of this case has already been given The patient was 
receiving a mixed diet The findings are given in Table 4 
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TABLE 4 — Basal Metabolism, July 4, 1917, of Gouty Patient 4, 
After Receiving a Mixed Diet 


Patient’s height, 165 5 cm , weight 122 2 hg , surface area, 2 3 sq m , Temp (r) 98 G P 
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The respiratory quotient (Table 4) is not abnormal The heat pro- 
duction IS low and the percentage of basal metabolism is 17 per cent 
below the normal average This, however, cannot be considered as 
abnormal 

Throughout the stay of Patient 2 m the hospital the daily amount 
of uiic acid excreted was determined This was done m order to be 
sure that a faulty uric acid elimination occurred after the feeding of 
sweetbreads The significance of the findings will be discussed later 
The results are given in Table 5 


TABLE 5 — Uric Acid Excretion After the Feeding of 
Sweetbreads in Gout Case 2 


Bate 

Amount of 
Urine in 

C c 

Gm of Uric 
Acid in 

Urine 

\ 

Remarks 

5/19/17 

1,140 

029 

Acute gouty attack 

5/20/17 
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Acute gouty attack 

5/21/17 

1,000 

0 24 

Attack subsided 

5/22/17 
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5/23/17 

1,235 

028 

\ 

5/24/17 

1,110 

0 21 

5/25/17 

1,080 

020 

Ped 150 gm sweetbread 

5/26/17 

1,350 

0 27 

Fed 150 gm sweetbread 

5/27/17 

1,'^20 

0 30 


5/28/17 

1,300 

0 45 



The feeding of sweetbreads produced a slight increase in the 
amount of uric acid excreted on the third day after the last feeding, 
as IS shown by a study of Table 5 
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SUMMARY AND DISCUSSION 

Normal lespiratory quotients were obtained m the determination 
of the gaseous exchange m the lungs of our four gouty patients The 
variations in the basal metabolism from the average normal which were 
found in the experiments are not greater than have been repoited for 
normal men,'^ although they were all at the lower limits of normal 

The basal metabolism of different normal persons shows a varia- 
tion of at least 20 per cent ^ For this reason minor departures m the 
basal metabolism of any one person from the average obtained by the 
study of a number of healthy people are not of any significance On 
the other hand, the basal metabolism of the same adult when per- 
formed on different dates shows a rather narrow range of variation 
provided the experimental conditions are the same For this reason 
minor changes in the basal metabolism of one person which result 
from differences m experimental conditions have considerable signifi- 
cance If nuclein-rich foods affected to any great extent the whole 
intermediary metabolism of gouty persons, the basal metabolism during 
periods of nuclein-rich diet would show differences as compared with 
the basal metabolism of the same individual on nuclem-poor diet In 
our three gouty persons, after adding nuclein-rich material to their 
diet, variations m the basal metabolism of 2 per cent (Cases 1 and 2) 
and of 3 per cent and 5 per cent (Case 3) occurred These differ- 
ences, however, are very slight, and it cannot be held that these varia- 
tions are great enough to signify an abnormality in the basal metab- 
olism of these patients 

Case 1 showed a definite increase in the nonprotein nitrogenous 
substances of the blood after the ingestion of sweetbreads The fact 
that but a very slight change occurred in the two basal metabolism 
experiments (Tables 1 and 2) on this patient indicates that the increase 
noted in the blood nonprotein nitrogenous substances was the result of 
retention by the kidneys and not of a derangement in metabolism 

In Case 2 the daily output of uric acid in the urine was determined 
The ingestion of sweetbreads produced only a slight increase in the 
amount of uric acid excreted (Table 5) Such a faulty elimination of 
uric acid in gouty persons has been considered by most observers-’^ 
as evidence of a disturbance in the intermediary metabolism in gout 
Our studies on Case 2 (Tables 1 and 2), however, failed to detect any 
change attributable to a disturbance in metabolism Therefore, our 
results are evidence, although they do not completely exclude the pos- 
sibility, that there is no derangement in the intermediary metabolism 
of the nucleins m gouty persons 

Our results show that in chronic gout, in the absence of acute symp- 
toms, and with patients on a purin-free or nuclein-nch diet, there is 
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no profound change in the intermediary metabolism as compared with 
that of a nongouty person Our negative findings do not exclude the 
possibility that in gout there is (1) a disturbance in the metabolism of 
the nucleins, (2) or a disturbance in some other phase of the inter- 
mediary metabolism, (3) or a disturbance in some minor phase of 
intermediary metabolism produced by nuclein-rich foods They only 
show that it IS too slight, or of a nature not to produce any marked 
change in the basal metabolism 

In Case 2 the basal metabolism was distinctly increased during the 
"acute attack of gout (Table 3) At tins time the rectal temperature 
was higher than when the other experiments (Tables 1 and 2) were 
made Therefore, this rise in the basal metabolism is not a specific 
effect of a gouty attack, but is comparable to any condition which 
increases metabolism to cause an increase in a patient’s temperature , 

CONCLUSIONS 

1 The basal metabolism of gouty persons falls within normal limits 

2 The respiratory quotient of gouty persons falls within normal 
limits 

3 Nuclein-nch foods produce no change in intermediary metab- 
olism of gouty persons detectable by the method of indirect calorimetry 

It IS a pleasure to acknowledge the cooperation and help of Dr F W 
Peabody in this work, and we are indebted to Miss B I Parker for much 
assistance 
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THE EFFECT OF DIET ON BLOOD SUGAR IN 
DIABETES MELLITUS ^ 

HERMAN O MOSENTHAL, AID, SAMUEL W CLAUSEN, MD 

AND 

ALMA HILLER, MD 

BALTIMORE ' 

This investigation was undertaken partly on account of its physi- 
ologic interest and partly in the hope that it might yield information 
which would enable the clinician to interpret blood sugar values taken 
at any time of the day The blood sugar was determined at hourly 
intervals in cases of diabetes mellitus These patients were ordered 
diets which were adjusted to the therapeutic needs of the individual. 
That IS, the diets were either “carbohydrate-free,” containing no starch 
except that found in green vegetables, or, save for a very few instances, 
limited in staich content, so that the glycosuria was held in abeyance 
or at a low level The results obtained under these circumstances, 
while they do not exhaust the subject from the physiologic or patho- 
logic-physiologic point of view, are applicable to the practical inter- 
pretation of blood sugars m the treatment of diabetes mellitus The 
method of Lewis and Benedict was employed to determine the blood 
sugar, Benedict’s^ modification of Fehhng’s solution was used in 
estimating the sugar in the urine 

It IS well known that the ingestion of glucose or a meal high in 
carbohydrate will increase the blood sugar m every human being, 
whether diabetic or not, however, normal individuals do not have a 
rise in their blood sugar after taking either protein or fat This fact 
has been determined by Jacobsen,® Strouse,^ and Roily and Opper- 
mann,® and is substantiated in the present investigation There is no 
evidence m a normal person of a hyperglycemia when the blood sugar 
is taken at frequent intervals after a single large carbohydrate-free 
meal (Table 1), nor if determined in hourly specimens throughout the 
course of the day when three such meals are given (Tables 2 and 3) 
These experiments may be considered as controls for the obser\’-ations 
made on the cases of diabetes mellitus 

^ Submitted for publication July 31, 1917 

-*=From the Medical Clinic of The Johns Hopkins Hospital 

1 Lewis and Benedict Jour Biol Chem , 1915, 20, 61 

2 Benedict Jour Biol Chem , 1911, 9, 57 

3 Jacobsen, A Biochem Ztschr, 1913, 56, 471 

4 Strouse, S , Stem, I , and Wiseley, A Bull Johns Hopkins Hosp , 1915, 
26, 211 

5 Roily, F, and Oppermann Biochem Ztschr, 1913, 49, 278 
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Time 

, Blood 

1 Sugar, 

; per Cent 

9 27 a m 

010* 

10 00 to 10 ‘'0 


10 31 

0 10 

10 51 

010 

11 10 

0 09 

11 SO 

010 

12 16 pm 

010 

12 48 

010 

1 57 

010 

2 53 

j 012 


Diet 


Protein 


67 


Pat 


59 


Oarbo 

hydrate 


Total 

Calories 


840 


fable 1 — Blood sugar determinations at frequent intervals m a normal 
individual after a large carbohydrate-free meal There is no evidence of any 
increase m the glycemia 
* Pasting 


i 

1 

Time ‘ 

1 

i 

Blood 
Sugar, 
per Cent 

Diet 

Protein 

Pat 

Caibo 

hydrate 

Total 

Calories 

! 

9 a m j 

012* 





9 35 to 9 50 I 


1 

42 

3 

52G 

10 33 1 

012 

1 




11 CS j 

012 

1 1 
i 

1 



12 20 to 12 35 p m 1 


34 ! 

13 ' 

3 

273 

1 06 - 

012 





2 OO 

012 ' 

1 





3 09 

009 





4 10 

012 





5 00 to 5 20 


30 

45 

1 

0 ! 

960 

C 20 

012 


i 

f 


8 30 

j 012 


i 




Table 2 Blood sugar determinations at hourly intervals in a normal indi- 
Mdual on a carbohydrate-free diet There is no evidence of any change in 
the le\el of blood sugar throughout the da 3 ' 

* Pasting 



Time 

Blood 
Sugar, 
per Cent 

Diet 

Protein 

Pat 

Oarbo 

hydrate 

Total 

Calories 

9 12 a m 

012* 





9 30 to 9 45 


30 

42 

3 

526 

10 37 

012 





11 41 

012 





12 20 to 12 35 p m 


25 

10 

10 

237 

1 OS 

012 





2 10 

012 





3 12 

010 





4 13 

012 





5 05 to 6 14 


45 

51 

10 

700 

G 25 

012 





S 30 

012 


! 




Table 3 — Blood sugar determinations at hourly intervals in a normal indi- 
vidual on a carbohydrate-free diet There is no evidence of any change in 
the level of blood sugar throughout the day 
* Fasting 


Time 

Blood 
Sugar, 
per Cent 

1 Diet 

Urine Glucose, Gm 


Fat 

Carbo 

hydrate 

Total 

Calories 

For 

Period 

Per 

Hour 

1 

8 15 a m 

016* 

1 

j 






9 25 to 9 34 


19 

34 

45 

579 



0 00 to 10 35 


i 




302 

066 

10 62 

0 23 







11 50 

0 23 







11 53 to 12 17 p m 


60 

26 

116 




12 30 







182 

1 20 

0 23 





i 


2 23 

0 26 







2 26 






6 81 

3 55 

8 25 

0 26 







8 27 






671 

6 48 

4 42 

0 26 







4 45 






6 23 

4 02 

5 18 to 5 34 


24 

60 

75 

871 



(. 30 

0 26 





6 78 

3 31 

7 50 

032 


1 

j 





0 00 a m 






40 32 

3 61 

9 00 

0 21* 








Table 4 — Blood sugar determinations at hourly intervals in a case of dia- 
betes melhtus on a diet containing considerable starch The level of blood 
sugar rises successively after each meal There is a large quantity of sugar 
in the urine 


* Fasting 
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Time 

Blood 
Sugar, 
per Cent 

Diet 

Protein 

Fat 

! 

Oarbo 

hydrate 

Total 

Calories 

9 24 a m 

015* 





9 50 to 10 20 j 

! 

77 

79 

14 

1,108 

10 28 ^ 

1 015 

1 





10 47 

015 



! 


11 08 

1 018 ^ 





11 34 

I 018 





12 13 pm 

018 

i 




12 47 

015 





1 53 

015 





2 51 

015 





4 24 

015 






Table 5 — ^Blood sugar determinations at frequent intervals m a case of dia- 
betes mellitus after a large carbohydrate-free meal There is a distinct rise 
of blood sugar forty-eight minutes after the meal is taken This hyperglycemia 
IS maintained at least one hour and five minutes 
* I’asting 


Time 

! 1 

Blood 
Sugar, 
per Cent 

Diet 

Protein 

Fat 

Oarbo 

1 hydrate 

Total 

Calories 

11 04 a m 

018* 



j 


11 35 a m to 12 05 p m 


77 

79 

14 

1,108 

12 19 

018 





12 51 

0 23 





1 24 

0 23 





2 38 

019 





3 35 

016 





4 46 

018 






Table 6 — Blood sugar determinations at frequent intervals, in a case of dia- 
betes mellitus after a large carbohydrate-free meal There is a distinct rise of 
\ blood sugar forty-six minutes after the meal is taken This hyperglycemia is 
maintained at least thirty-three minutes 
* Fasting 


In interpreting blood sugars obtained in diabetic individuals the 
clinician often takes for granted that every meal will result in an 
increase in the glycemia, so that the glucose in the blood will reach its 
maximum b)’- steplike gradations m the evening This conclusion, 
thus far, rests on what seems to be obvious reasoning, but not on 


i 
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Time 

1 

Blood 
Sugar, 
per Cent 

1 

Diet 

Protein 

j 

Fat 

Oarbo 

hydrate 

Total 

Calories 

9 85 a m 

0 07* 





9 65 to 10 20 


77 

79 

14 

1,108 

10 85 

0 07 





10 62 

0 07 





11 10 

009 





11 35 

0 09 





12 22 pm 

OOO 





J 25 

on 





2 20 

on 






Table 7 — Blood sugar determinations at frequent intervals in a case of very 
mild diabetes mellitus after a large carbohydrate-free meal There is a slight 
rise of blood sugar at the end of fifty minutes This not only persists, but 
increases during the next three hours and ten minutes, when the observation 
IS terminated 
* Fasting 


Time 

Blood 
Sugar, 
per Cent 

Diet 

Protein 

Fat 

Carbo 

hydrate 

Total 

Calories 

9 16 a m 

on* 





9 85 to 10 10 


77 

79 

14 

1,108 

10 15 

013 





10 86 

010 



i 


10 62 

on 





11 13 

010 1 





11 44 

on 





12 22 pm 

on 





1 25 

on 





3 06 

010 





4 10 

010 



1 



Table 8 — Blood sugar determinations at frequent intervals in a case of dia- 
betes mellitus after a large carbohydrate-free meal There is a slight, very 
transient, rise of blood sugar immediately following the intake of food Hourly 
determinations of blood sugar would have missed this glycemia 
* Fasting 

/ 
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Tune 

Blood 
Sugar, 
per Cent 

Diet 

Urine 

! 

Protein 

Pat 

i 

Oarbo- 

hjdrate 

Total 

Calories 

8 SO a m 

018* 





Contains no sugar 







on this day 

9 OO 


20 

32 

0 

380 


10 00 

017 






11 00 

018 






12 OO m 

[ 






12 10 p m 

i 

32 

1 

4i 

7 

509 


1 00 

i 017 






2 00 

017 






3 00 

017 






4 20 

013 



\ 



5 00 


24 

24 

f) 

340 


6 20 

017 






8 40 

on 






8 50 a m 

017* 







Table 9 — Hourly blood sugar determinations in a case of diabetes mellitus 
while on a carbohydrate-free diet There is no rise in the blood sugar above 
the fasting level There is a tendency toward a diminished blood sugar in the 
afternoon and evening 
* Fasting 

experimental evidence Under certain conditions it holds true Thus, 
in Table 4 it is seen that the blood sugar rises after each meal, being 
0 16 per cent , while fasting, 0 23 per cent after breakfast, 0 26 per 
cent after dinner, and 0 32 per cent after supper The fasting blood 
sugar determination of the next morning rises to 0 21 per cent, as 
compared to 0 16 per cent of the previous day This increase m the 
fasting blood sugar, as well as the marked glycosuria, indicates that 
the diet in this case is one which is most unsuitable to the needs of the 
patient The blood sugar curve, with its steplike rise after each meal, 
obtained during the day, is one which may be considered typical of 
diabetes mellitus while the patient is receiving far more starchy food 
than is indicated These, however, are not the conditions which ordi- 
narily present themselves to the clinician, and to make a correct inter- 
pretation of blood sugar determinations made at various times of the 
day it is necessary to examine the results obtained in patients who are 
receiving the usual form of dietetic treatment As is well known, the 
rise of blood sugar after the ingestion of glucose or starch is very 
much prolonged in the diabetic individual as compared to the normal 
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Time 

Blood 
Sugar, 
per Cent 

Diet 

Urine 

Protein 

Pat 

Carbo- 

hydrate 

Total 

Calories 

8 55 a m 

0 45* 





Contains 6-5 gm 







of glucose on 

9 17 to 0 30 


20 

32 

0 

3S0 

tills day 

10 34 

0 45 






11 55 

0 45 






12 20 to 12 35 p m 

1 


36 

14 

6 

302 


1 50 

0 45 





i 

2 55 

0 45 






4 00 

0 45 






5 00 

0 45 






6 10 to 5 15 


10 


0 

97 


7 05 

0 45 


1 




11 35 

0 45 


1 




8 30 a m 

0 43* 







Table 10 — Hourly blood sugar determinations in a case of diabetes mel- 
litus Case complicated by an infected gangrenous process of one foot and 
by m 3 'ocardial insufficiency There is no change m the level of the blood sugar 
following the intake of a carboltydrate-fi ee diet of rather low caloric value 
* risting 


Tune 

Blood 
Sugar, 
per Cent 

Diet 

Urine 

Protein 

Pat 

1 

1 

Carbo- 

hydrate 

Total 

Calories 

S 80 a m 

0 23* 





Contains no sugar 







on this day 

9 00 to 9 15 


20 

32 

0 

380 


10 00 

023 






11 45 

0 23 






12 45 pm 

0 23 






2 00 to 2 20 


46 

56 

10 

750 


3 20 

0 23 






6 00 to 6 25 


33 

37 

9 

516 


6 46 

019 






7 20 

0 23 






8 30 

023 






9 50 a m 

0 23* 







Table 11 — Hourly blood sugar determinations in a case of diabetes mellitus 
while on a carbohydrate-free diet There is no rise in the blood sugar above 
the fasting level as the result of food ingestion 
* Fasting 
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Time 

Blood 
Sugar, 
per Cent 

Diet 

Urine 

Protein 1 

. 

Pat j 

Carbo 

hjdrate 

Total 

Calories 

8 50 a m 

0 33* 

i : 

1 
1 




Contains 50 gm 



i 




of glucose on 

9 40 to 9 50 


20 

32 

0 

380 

this day 

10 50 

0 33 

1 





11 50 

j 0 33 






11 55 to 12 20 p m 

1 

23 

65 

7 

728 


3 00 

1 0 32 






4 05 

0 33 





i 

4 50 to 5 00 


26 

22 

f> 

336 


6 35 

0 28 







Table 12 — Hourly determinations of blood sugar in a case of diabetes mel- 
litus while on a carbohydrate-free diet The blood sugar throughout the day 
does not rise above the fasting level, although the initial blood sugar is high 
and there is a glycosuria 
-* Pasting 


Time 

Blood 
Sugar, 
per Cent 

Diet 

Urine 

Protein 

Pat 

Carbo 

hydrate 

Total 

Calories 

8 11 a m 

018* 1 





Contains no sugar 







on this day 

8 30to8 45 


SO 

1 

36 

0 

458 


9 45 ' 

018 






11 00 

018 


i 




11 50 

018 






12 15 to 12 35 p m 


47 

54 

i 

19 

77. 


1 20 

018 





i 

2 20 

019 1 

1 






3 25 

018 






4 50 to 6 10 

1 

50 

63 

7 

727 


6 40 

018 






8 55 

018 






8 00 a m 

018* 



i 

1 




Table 13 — ^Hourly determinations of blood sugar in a case of diabetes mel- 
litus while on a carbohydrate-free diet The level of the blood sugar remains 
virtually constant throughout the day 
*' Pasting 
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Blood 
Sugar, 
per Cent 

Diet 


Time 

Brotein 

Bat 

Garbo 

In drate 

Total 

Calories 

Urine 

8 16 a in 

9 25 to <J 37 

017* 

SO 

42 

30 

526 

Contains 30 0 gm 
of glucose on 
tins da> 

10 30 

017 






11 45 

017 






11 50 to 12 10 p m 


53 

59 

10 0 

807 


1 10 

018 






2 20 

018 



! 



1 20 

0 18 


1 

1 



4 20 

018 






4 50 to 5 10 


33 

41 ! 

! 13 0 

570 


6 35 

018 



1 

1 



8 30 

0 18 






7 55 a in 

0 !(.♦ 

i 






Table 14 — Hourly blood sugar determinations in a case of diabetes mellitus 
while on a carbohydrate-free diet Although the diet slightly exceeds the 
patient’s carbohydrate tolerance, as shown by the sugar in the urine, the blood 
sugar level is scarcely raised throughout the daj’’ 

* Pastinff 

0 

This fact has been fully established by the findings of many observers 
Recognizing the fact that the glycemia may rise as the result of food 
intake, and subsequently fall, it becomes necessary to ascertain whether 
the hourly determinations of blood sugar, as used in the present obser- 
vations, are sufficiently frequent to detect any changes that are likely 
to occur after starch-free food This question was detennined by 
giving a diabetic individual a single large carbohydrate-free meal and 
estimating the blood sugar at frequent intervals It has already been 
shown that in a normal person no hyperglycemia is demonstrable under 
these conditions (Table 1) In the diabetic, however, there may be a 
distinct, though often slight, rise in the blood sugar (Tables 5 to 8) 
When the percentage of glucose does rise it seems to remain at its 
maximum for a considerable period (Tables 5, 6 and 7 ) It must be 
admitted that occasional slight transient rises of blood sugar occur 
after the taking of carbohydrate-free food, which would escape obser- 
vation if the glycemia were determined at greater than fifteen-minute 
intervals (Table 8) Taking all the facts into consideration, however, 

6 Tachau, H Deutsch Arch f khn Med , 1911, 104 , 437 Jacobsen, A 
Biochem Ztschr , 1913, 56 , 471 Hopkins, A H Am Jour Med Sc , 1915, 
149 , 254 Hamman, L , and Hirschraan, I To be published 
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it appears justifiable to conclude that blood sugar estimations made at 
approximately hourly intervals will reveal the more significant changes 
in the blood sugar level brought about by carbohydrate-free diets or 
meals low in staich, in cases of diabetes melhtus 

The examination of the results in cases in which the blood sugar 
was determined at hourly intervals throughout the day reveals the fact 



Blood 
Sugar, 
per Cent 

Diet 

Urine 
Glucose, 
Gm per 
Hour 

Tune 

Protein 

Fat 

Oarbo 

hydrate 

Total 

Calories 

7 50 a m 

012» 






S 00 






+ 

8 18 to 8 22 


16 

27 

16 

382 


9 00 






0 04 

9 25 

019 






10 00 






110 

10 80 

018 






11 00 






112 

11 30 

016 






11 65 a m to 12 10 p m 


42 

39 

22 

625 


12 00 






1 81 

1 00 

1 


i 

1 


1 1 89 

1 10 

019 






2 00 




j 


1 29 

2 10 

0 20 






S 00 





. 

1 ?1 

8 10 

018 






4 00 






1 17 

4 30 

016 






5 00 






110 

5 08 to 5 15 

1 

39 

26 

22 

492 


6 O') 






050 

6 30 

014 






7 00 






0 66 

8 00 






108 

8 80 

016 






8 00pm toOOOam 






Trace 

7 40 a ra 

014* 




1 



Table IS — Hourly determinations of blood sugar in a case of exophthalmic 
goiter and diabetes melhtus while on a diet containing a small amount of starch 
There is a distinct rise of blood sugar after breakfast, which is slightly exceeded 
after the midday meal and diminishes after supper 
* Fasting 
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! 

Blood 
Sugar, 
per Cent 

Diet 

I 


Time 

Protein 

Pat 

Oarbo 

hydrate 

Total 

Calories 

Urine 

8 so a m 

8 58 

10 15 

11 20 

015*^ 

019 

019 

23 

1 

i 

33 

/ 

16 

467 

Contains no sugar 
except for a 
trace of glucose 
m the specimen 
voided from 6 45 
to 8 13 p m 

12 15 p m 

015 






12 20 


60 

42 

22 

686 


2 00 

019 






S 00 

018 






4 05 

oil 






6 15 

Oil 






5 45 


36 

29 

6 

442 


6 45 

015 




i 


8 so 

017 

1 



i 




Table 16 — Hourly determinations of blood sugar m a case of exophthalmic 
goiter and diabetes mellitus This observation was made after part al thy- 
roidectomy, that of Table IS before the operation There is a distinct rise of 
blood sugar after breakfast, which is the maximum attained in the course 
of the day 

* rastiiiB 

that many of these exhibit no rise above the fasting level (Tables 9, 10, 
11 and 12), or only a very slight increase of 0 01 per cent (Tables 13 
and 14), while others (Tables 15 to 20, inclusive) give evidence of a 
considerable elevation in the blood sugar as the result of the intake 
of food 

It is readily seen that if the blood sugar rises at all, the most 
notable increase occurs within an hour or two after breakfast There 
may in some instances be a further rise in the course of the day, but 
this IS of comparatively small moment, since the initial increment after 
breakfast vanes from 0 02 to 0 09 per cent, while the highest sub- 
sequent increase surpasses these by only 0 02 per cent (Tables 15 to 20, 
inclusive, also Table 21) Furthermore, it may be noted that, espe- 
cially m the afternoon or evening hours, the blood sugar shows a ten- 
dency to dimmish 1 his is true when there is an increase after break- 
fast (Tables 15, 16, 18, 19 and 20), and also when this does not occur 
(Tables 9, 11 and 12) It may, therefore, be concluded that the maxi- 
mal rise (or a rise approaching the maximal) of blood sugar occurs 
in diabetic patients on a carbohydrate-free diet, or one containing a 
moderate amount of starch, about one hour after breakfast If it is 
the aim of the clinician to determine the maximal blood sugar per- 
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Time 

Blood 
Sugar, 
per Cent 

Diet 

Urine 

i 

1 

Protein 

Pat 

Oarbo 

hydrate 

Total 

Calories 

8 40 a m j 

014* 





Contains no sugar 





1 


on this day 

8 45 ' 


27 

32 

0 

408 


10 00 

016 




1 


11 00 

016 i 





1 

il 60 


60 

41 

10 

668 

1 

12 00 m 

016 





1 

1 15 p m 

016 






2 16 

018 






8 27 

016 






4 30 

016 





1 

4 15 


49 

24 

12 

473 

1 

5 65 

016 



i 


1 

8 00 

016 


\ 




8 53 a m 

018» 





1 


Table 17 — Hourly blood sugar determinations in a case of diabetes mellitus 
while on a carbohydrate-free diet The blood sugar rises after breakfast This 
rise is exceeded only once during the day, after the noon meal 
* Pasting 


Time 

Blood 
Sugar, 
per Cent 


Diet 


I 

1 

1 Urine 

1 

Protein 1 
1 

Pat 

j Carbo ' 
1 hydrate 

Total 

Calories 

8 20 a m 

013* 





i 

1 Contains 12 gm 




1 



of glucose on 

9 00 to 9 15 


29 

42 

0 

510 

this day 

10 10 

016 






11 SO 

014 

1 





12 30 p m 

(Ml 



j 



12 30 to 12 45 


44 

71 

7 

869 


1 55 

0 14 

1 

i 

1 

1 



•( OO 

012 



i 



4 0(1 

0 08 

1 





5 15 to 5 so 


25 

27 

5 

374 


6 45 

015 






b 45 

018 


1 

1 



8 35 a m 

015* 







Table 18 — ^Hourly blood sugar determinations m a case of diabetes mellitus 
•while on a carbohydrate-free diet The blood sugar m this patient rises slightly 
higher after the last meal of the day than after breakfast 
* Pasting 
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centage occurring in any individual, this is probably the most favorable 
time to obtain it, since in the afternoon and evening hours the blood 
sugar percentage has a distinct tendency to diminish, and thus may 
lead to an erroneous interpi etation 

Fiom the point of view of pathologic physiology, some interesting 
conclusions may be drawn fiom these observations It is perfectly 
clear that in these cases which are being ti eated by a diet i estricted in 
caibohydrates, each successive meal does not pioduce an increment of 


Tunc 

Blood 
6>UKar, 
per Cent 

1 

Blot 

Urine 

j Protein 

1 Carbo I 
Pat hydrate | 

, ' 

Total 

Calorics 

9 13 a in 

0 l(i* 

1 

; * ’ 


Contains 4 gni oi 






elucose In the 

9 20 


1 21 

12 ' 58 ! 

1 443 

corresponding 


1 


t 1 


24 hour specimen 

10 23 j 

1 0 23 

1 

1 

1 \ 



11 ’0 

0 92 

, 20 

j 20 ' 72 

507 


12 13 j) in 

' 0 22 




1 

1 33 

1 0 22 


1 

1 

! 

3 03 

, 0 22 


1 

1 


I 

1 00 


7 

8 17 

172 


4 20 

0 22 

1 

1 

1 

1 

r< 00 


19 

1 17 49 

o 

o 

1 

5 40 

0 22 

1 

1 

1 


1 

0 30 

0 20 

1 

1 

' 1 

1 

! 

8 10 

1 0 23 

1 

1 

1 

i 


1 

9 03 am 

1 015* 

I 

J 

1 




Table 19 — Hourly blood sugar determinations in a case of diabetes mellitus 
Patient on a diet containing a moderate amount of starch, a little above the 
patient’s carbohydrate tolerance There is a marked rise of blood sugar after 
breakfast, which is surpassed by only a very slight margin at 6 50 p m 
* rastlne 

blood sugar This is contrary to the usual conception of the course 
of events, and the picture presented is quite different from that found 
in patients indulging in a high carbohydiate diet (Table 4) Hamman 
and Hirschman’’ have demonstrated that superimposed doses of glucose 
are not necessarily followed by a steplike rise in the blood sugar It is 
only the first dose that causes the blood sugar percentage to rise, the 
subsequent ones apparently have no effect This substantiates the 
present findings 

7 Hamman, L , and Hirschman, I I * Studies on Blood Sugar, The Archives 
Int Med , 20, 761 
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A hypothesis suggests itself which may explain these phenomena 
Tn Table 21, which summarizes the cases studied, it may be noted that 
the blood sugar values remain at the fasting level or below it through- 
out the day in those cases in which the initial hyperglycemia is marked 
(0 17 to 0 45 per cent , Tables 9 to 14) , whereas, it rises in those m 
which it IS low (0 12 to 0 16 per cent , Tables 15 to 20) It seems that 
each diabetic has a blood sugar level at which his carbohydrate metab- 
olism proceeds in a faiily normal manner, with no rise m the blood 
sugar after meals of a moderate starch content In very mild cases 
this acquired blood sugar level may be very low and no increase result 
after eating a starch-free meal, whereas, in individuals with a very 
marked derangement in their carbohydrate metabolism, such a favor- 


i 

Time 

i 

1 Blood 
Sugar, 
per Cent 

1 

Diet 

1 

1 

Urine 

Protein 

Pat 

Carbo 

hjdrate 

j 'lotal 
Calories 

8 OO a m 

014* 

i 

i 



i 

Contains no sugar 







on this da> 

8 20 to 8 35 

1 

1 35 ! 

1 38 

35 

1 WO 


9 36 

1 016 j 

1 





10 32 

' 017 

1 





11 32 

014 

1 





12 m to 12 SO p m 


! 58 1 

1 60 

42 

968 


1 30 

017 

j ; 



1 


2 30 

017 

1 

i 



i 


3 33 

017 
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Table 20 — Hourly determinations of blood sugar in a case of diabetes mel- 
litus Patient on a diet containing a moderate amount of starch There is a 
rise of the percentage of blood sugar after breakfast which is not exceeded 
throughout the day 
* Pasting 

able blood sugar level wall be proportionately increased When this 
optimum glucose percentage m the blood is reduced by dietary restric- 
tions, the organism tends to respond by a hyperglycemia on the least 
provocation It is under such circumstances that there occurs an 
increase in the glucose of the blood after the ingestion of protein and 
fat Such reactions may go very far to explain the very wide varia- 
tions in blood sugar often found in cases of diabetes ® 


8 Mosenthal, H O , and Lewis, D S Bull Johns Hopkms Hosp , 1917, 
28, 187 
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It has been shown previously by von Moraczewski” that the blood 
sugar rises after exercise, and that, in spite of this hyperglycemia, the 
toleiance for sugar is greater after muscular effort than during rest, 
when the blood sugar is lower This holds true, apparently, for the 
diabetic as well as for the normal individual Tests of the concentra- 
tion of the blood in these experiments showed that there was no dimin- 
ution m the hydremia through sweating, which might have been 
responsible for an apparent increase in the percentage value of the 
blood sugar Thus, it seems that the human organism is able to utilize 
glucose more effectively Wfhen the blood sugar is at a high level than 
at a low one This is frequently observed clinically and brings up the 
much debated question whether it is wise to attempt to reduce the 
blood sugar m every case of diabetes melhtus to a normal level From 
the facts given here it would appear that there are some arguments in 
favor of not carrying such an endeavor too far 


Summirj 

of 

Table 

Blood Sugar per Cent 

Fasting 

After Breakfast 

After Lunch 

After Supper 

Maximal 

Minimal 

Maximal 

Minimal 

Maximal 

Minimal 

9 

018 

018 

017 

017 

013 

017 

on 

10 

0 45 

0 45 

0 45 

0 45 

0 45 

0 45 

0 45 

11 

0 23 

0 23 

0 23 

0 23 

0 23 

0 23 

0 19 

12 

03<5 

0 33 

0 33 

0 33 

0 32 


0 28 

13 

018 

018 

018 

0 19 

018 

018 

018 

14 

017 

017 

017 

018 

018 

018 

018 

15 

0 12 

Oly 

016 

0 20 

016 

016 

014 

16 

015 

019 

015 

019 

on 

017 

015 

17 

014 

016 

OIG 

018 

016 

016 

016 

18 

013 

016 

013 

014 

0 08 

018 

015 

19 

016 

0 25 

0 23 

0 23 

0 22 

0 26 

0 22 

20 

014 

017 

014 

017 

017 

017 

015 


Table 21 — Summary from preceding tables Summary of the hourly deter- 
minations of blood sugar m cases of diabetes melhtus on a carbohydrate-free 
diet, or one containing a moderate amount of starch If there is a rise of 
blood sugar in the course of the day, the maximal value reached one or two 
hours after breakfast is usually not exceeded to any marked degree after lunch 
or supper There frequently is a diminution m the glycemia m the afternoon 
and evening 


9 Von Moraczewski, W Berl khn Wchnschr, 1915, 52, 1038, ibid, Ztschr 
f biol Chem , 1915, 71 , 268 
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SUMMARY 

The maximal percentage of blood sugar occurring in diabetic indi- 
viduals on a carbohydrate-free diet, or one containing a moderate 
amount of starch, can be obtained by making the determinations one 
to two hours after breakfast The glycemia may rise somewhat higher 
after lunch or supper, but never to any marked degree On the other 
hand, the blood sugar may fall considerably in the afternoon and 
evening hours, leading to eironeous interpretations if taken at this 
time of day (Table 21) 

In diabetic cases there is a tendency for the blood sugar to remain 
constant throughout the day while on a protem-fat diet, if the fasting 
blood sugar is high, on the other hand, if the fasting blood sugar is 
low, that is, if it has been reduced by previous dietetic treatment, there 
IS an increase which may become very marked in the glycemia after 
carbohydrate-free food (Table 21) This leads to the conclusion that 
cases of diabetes mellitus, in raising their fasting or basal blood sugar 
percentage, are trying to adjust their carbohydrate metabolism for the 
more advantageous utilization of glucose It may be desirable, there- 
fore, not to attempt to reduce the blood sugar to a normal value in 
cases of diabetes mellitus 


Johns Hopkins Hospital 
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STIMULATION OF TFIE RESPIRATION BY SODIUM 
CYANID AND ITS CLINICAL APPLICATION = 

A S LOEVENHART, MD, W F LORENZ, MD 
H G MARTIN, D , and J Y MALONE, MD 

MADISON, WIS 

The stimulation of the respiration by hydrocyanic acid has been 
known ever since its physiologic action was first investigated It was 
sought to utilize this extiemely obvious stimulation of the respiration 
therapeutically, and we find ai tides published in the first half of the 
last century lauding its use as a respiratory stimulant ^ The depressing 
action of hydrocyanic acid was also noted “ The only remnant of this 
once prominent remedy left in modern therapeutics is the use of hydio- 
cyanic acid in certain cough mixtuies 

GepperP established that the action of hydrocyanic acid is essen- 
tially asphyxiation, since it acts by deci easing the oxygen absorbed by 
the tissues and also the carbon dioxid produced by them 

The attitude of modern pharmacologists on the theiapeutic use of 
hydrocyanic acid may be gathered from the following 

Heniz^ says that hydrocyanic acid is one of the strongest stimulants 
for the respiration known, but that its stimulating action cannot be 
used in practice because it is too poisonous 

Cushny'^ declares “Prussic acid might be eliminated from thera- 
peutics without loss ” 

Sollmann” says “There seems to be no rational basis for the thera- 
peutic use of cyanids ” 

Bastedo" makes virtually the same statement 

It IS our opinion that the disrepute into which hydrocyanic acid has 
fallen is due to the following (1) the fact that its action is fleeting, 
since it IS apparently rapidly tiansformed into the nontoxic sulpho- 

■*■ Submitted for publication Aug 21, 1917 

1 Ryan Tr Coll Phys , 1828, 5, 479 

2 Magendie, F Physiological and Chemical Researches on the Use of 
Prussic Acid, etc, 1820, New Haven, Granville, A B Further Observations 
on the Internal Use of Hydrocyanic Acid (Prussic Acid), 1819, London, 
Coullon, J J A Considerations medicales sur I’acide prussique, 1808, Thesis 
Medicine, Pans 

3 Geppert, J Ztschr f klin Med , 1889, 15, 208, 307 

4 Heinz Handbuch der Experimentellen Pathologic und Pharmakologic, 
Jena, 1906, 2, 1 , 588 

5 Cushny, A R A Textbook of Pharmacology and Therapeutics Phila- 
delphia, Lea & Febiger, 1915, p 453 

6 Sollmann, T A Manual of Pharmacology Philadelphia, W B Saunders 
Company, 1917, p 617 

7 Bastedo Materia Medica, Pharmacology Philadelphia, W B Saunders 
Company, 1913, p 403 
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cyanate, (2) the rale of absoiption from the ‘.tomach is sufhcienlly 
uncertain scj that either no effect follows its administration or too 
intense an effect is noted, (3) instability of all preparations of hydro- 
cyanic acid, (4) the popular idea that the cyanids are so very poison- 
ous ® 

We determined to investigate the subject from the standpoint of 
modern intravenous therapeutics, substituting sodium cyanid for hydro- 
cyanic acid Sodium cyanid of fair purity is now on the market This 
substance is perfectly stable in the solid state if kept in tightly stop- 
pered, well filled bottles It is very soluble in water Our solutions 
were always freshly prepared, the oldest used by us having been pre- 
pared forty-eight hours before administration The sodium cyanid 
was dissolved in sterile physiologic salt solution 

We prefer sodium cyanid to potassium cyanid because of the 
depressing effect of potassium salts on the heart The effect of the 
soluble cyanid is essentially the same as that of hydrocyanic acid 

We have studied the stimulating action of sodium cyanid on the 
respiration in animals and in man A detailed statement of the work 
on animals will soon be published in the Journal of Phannacology and 
Expenmental Therapeutics However, a brief statement of the experi- 
mental work which preceded the clinical application of the method is 
essential The experiments were nearly all performed on dogs , only a 
few rabbits were used in the early part of the work The effect of 
sodium cyanid on the depressed respiration was determined under the 
following conditions morphin poisoning, stoppage of respiration from 

8 The popular view that the cyanids are among the most poisonous sub- 

stances known seems to be due to the statement by Magendie that animals, 
if given hydrocyanic acid, die as quickly as though they had been hit by a 
cannon ball While all will admit that fatal doses of hydrocyanic acid kill with 
great rapidity, the dose of the cyanids required to kill is far above that of many 
other substances The fatal dose of hydrocyanic acid is usually placed at 
from 30 to 100 mg, and the fatal doses of sodium cyanid and potassium cyanid 
on an equimolecular basis are, respectively, from SO to 167, and from 72 to 
240 mg Much greater quantities than this can be given in small divided doses 

over a longer period of time without deleterious effects, due to the rapid 

detoxification in the body 

9 The sodium cyanid which we used was manufactured by Kahlbaum and 
contained from 92 to 95 per cent of sodium cyanid 

10 A drug may be clearly indicated to modify abnormal functioning due 

to one cause and may be entirely worthless in the same form of abnormal 
function due to another cause For instance, in bradycardia due to excessive 
vagal tone, atropin is the only drug to be used to increase the pulse rate 
However, if the bradycardia is due to heart block atropin will be of no avail 
Again, digitalis is perhaps the first drug one would consider to reduce a rapid 

pulse rate It is the drug of choice if the rapid pulse is due to decreased 

vagal tone, low blood pressure and cardiac dilatation, but it is worse than use- 
less in simple febrile tachycardia Any number of similar examples might be 
given, all of which indicate that in order to treat rationally a given abnormality 
of function we must know the cause of the abnormal function so far as we 
Crtn analyze the condition 
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deep chloroform and ether anesthesia, hemorrhage, and increased intra- 
cranial pressure By far the greater part of the work was done on 
animals under increased intracranial pressure Such a condition is met 
with clinically as a result of basilar fracture, intracranial hemorrhage, 
brain tumors, etc In addition to determining the effect of sodium 
cyanid on the respiration under increased intracranial piessure, we 
studied the effect of the following drugs on the respiration under this 
condition for comparison with the cyanid, namely, caffem citrate, 
strychnin sulphate, atropin sulphate and lactic acid 

In the experiments on increased intracranial pressure, a cranial 
cannula was put in place and the pressure transmitted by Ringer’s solu- 
tion Sixty-two experiments were performed under increased pressure 
Our method of experimentation in the main was as follows 

The intracranial pressuie was gradually increased to the point at 
which the respiration ceased The degree of anemia of the respiratory 
centei at which all activity ceases varies in different animals and must 
be determined m each experiment Now, with this degree of anemia 
maintained, the drug whose effect on the respiration it was desired to 
study was injected intravenously, the dosage varying throughout the 
range of the probably useful amounts The results of the experimental 
work may be summarized as follows 

1 Caffem citrate and atropin sulphate are useless in the treatment 
of respiratory depression due to increased intracranial pressure It 
seemed that the death of the animal was hastened by the administra- 
tion of either of these drugs in sufficient quantities to have any observ- 
able effect 

2 The action of lactic acid when administered under the condi- 
tions stated varies remarkably m different animals In some dogs no 
effect whatever was noted, while m others it proved to be quite an 
efficient stimulus to the respiration The stimulation lasted for quite 
a period of time, but in all cases the animal died from respiratory fail- 
ure, and we do not consider lactic acid as a useful stimulant to the 
respiration under these conditions 

3 Strychnin sulphate administered to dogs with the respiration 
depressed by increased intracranial pressure caused a distinct stimu- 
lation of the respiration The latent period of the stimulating action 
of strychnin averages twenty-seven seconds The stimulation lasted 
over a considerable period of time, the longest period of stimulation 
being twenty-eight minutes, after a single dose In many cases a 
peculiar type of group respirations was noted under strychnin 

4 The result of intravenous administration of sodium cyanid to 
dogs under increased intracranial pressure may be briefly indicated as 
follows 
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(a) It causes stimulation of the respiration, when properly used, 
practically up to the time of the death, and is undoubtedly the strongest 
known stimulant to the respiration m this condition 

(&) The aveiage latent period of its action is from six to nine 
seconds 

(c) The intensity and duration of the stimulation depends on the 
dose and rate of administration As a result of a single injection 
iMlhm a few seconds, the average duiation of stimulation is fiom ten 
to fifteen seconds The longest period of stimulation following a single 
injection was one hour If too much sodium cyanid is given within a 
given period of time, a brief period of stimulation followed by depies- 
sion will be noted 

(d) By means of a slow continuous intravenous injection of sodium 
cyanid, a continuous stimulation of the respiration of almost any 
desired intensity may be obtained A constant stimulation of the 
respiration was maintained for a period of two hours by a continuous 
slow intravenous injection of hundredth-normal sodium cyanid, with 
the intracranial pressure maintained at a level which had previously 
repeatedly been demonstrated to paralyze the respiration m the same 
animal In these slow continuous injections, every slight change in 
the rate of injection causes its coriespondmg change in the respiratory 
movements 

(e) The margin of safety in the intravenous admmistiation of 
sodium cyanid in dogs may be gathered from the following data 

(1) The amount of sodium cyanid required to give a decided stim- 
ulation in a single rapid injection is approximately 0 1 c c per kilogram 

(2) The amount of sodium cyanid required in a continuous slow 
injection to maintain a satisfactory stimulation under increased intra- 
cianial pressure, is 1 c c of a hundredth-normal solution in one and 
a half to three and a half minutes for a dog of about 10 kg 

(3) It IS well known that sodium cyanid is quickly transformed 
in the body to a nontoxic substance, supposedly the sulphocyanate 
We have endeavored to determine the rate at which it is detoxified in 
the organism by determining the maximum rate at which it can be 
injected intravenously without pioducing any symptoms whatever 
These observations were made on dogs which were not subjected to 
increased intracranial pressure, and the maximum rate at which a 
hundredth-normal solution of sodium cyanid may be injected without 
producing any symptoms whatever was found to be 1 c c per one and 
one-half minutes It would seem, therefore, that the animal under 

11 The action of the cyanid in these experiments reminds one of the stimu- 
lation of the respiration by carbon dioxid 


! 
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increased mtiacianial pressure is somewhat more sensitive to sodium 
cyanid than the noimal anesthetized animal 

(4) The fatal dose of hundiedth-normal sodium cyamd rapidly 
injected fiom thiiteen to twenty-five seconds intravenously is from 
2 63 to 3 3 c c per kilogram of body weight The smaller dose killed 
a dog m sixty-three minutes while the larger dose killed in twelve 
minutes 

Since 2 c c hundredth-noimal sodium cyanid injected within three 
seconds caused stimulation even m our largest dogs, the therapeutic 
dose per kilogram may be placed at 0 1 c c per kilogram Hence, 
tventy times the theiapeutic dose when administered lapidly kills in 
about one hour 

(/) As a result of oui eaily expenences with sodium cyamd, 
showing how ephemeral is the stimulating eftect of a single dose, we 
sought by means of admmisteiing sodium cyanid and strychnin sul- 
phate in sequence to obtain a gi eater and more lasting stimulation of 
the respiration than could be obtained with either diug alone Our 
woik indicates, m the dog at least, undei conditions of increased intra- 
cranial pressuie that this is tiue The latei work on the slow continu- 
ous injections of sodium C3'anid, however, causes us to attach some- 
what less impoi tance to the sodium cyanid-sti ychnm sequence It may, 
howevei, piove to be a ^ery useful method clinically 

(g) Undei the condition of this woik and the dosage here used we 
have found that sodium cyanid has icmarkably little eftect on the cii- 
culation Thus the pulse rate is, in general, but slightly decreased, and 
the blood piessme but little alteied 

CLINICAL WORK 

Having convinced ourselves through oui mammalian woik that the 
maigin of safety in the intravenous administration of sodium cyanid 
IS ample for human theiapy, it was determined, as opportunity pre- 
sented itself, to study the therapeutic effect of sodium cyanid in suit- 
able human cases such as the following (1) cases of increased intra- 
cranial pressure from any cause which show depression of the respira- 
tion It should be stated that we did not propose to use sodium 
cyanid when an operation for decompression was indicated, but simply 
to stimulate the respiration by sodium cyanid in the interim between 
the failure of respiration and the time when operative measures could 
be instituted, (2) failuie of the lespiration under chloroform and 
ether anesthesia, (3) m bedridden cases in advanced paresis when 

12 Since the fatal injections were given over a longer period of time it 
may be that the exact margin of safety may be less Further work must 
determine this 
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a hypostatic pneumonia was in the process of developing In this 
instance it vas hoped that the respiratory exercise induced by the 
sodium cyanid would improve the pulmonary condition and at least 
delay the fatal outcome 

Accordingl}-, we made fifteen intravenous injections in ten cases 

METHODS 

Our first work indicated clearly that a fiftieth-normal solution of 
sodium cyanid is preferable to the hundredth-normal solution in human 
therapy A fiftieth-normal solution of sodium cyanid should contain 

0 98 mg per cubic centimeter In our work, however, what we have 
called a fiftieth-normal solution "was actually made up by dissolving 

1 mg per cubic centimeter in physiologic salt solution The sodium 
cyanid was dissolved in sterile 09 per cent salt solution and was 
handled aseptically Since solid sodium cyanid is free from bacteria, 
it IS unnecessary to sterilize after dissolving the sodium cyanid In 
fact, such a sterilization would change the concentration of the solution 
to such an extent that an analysis would have to be made to determine 
its strength It is, therefore, not permissible to sterilize the solution 
after dissolving the cyanid 

TECHNIC 

The injections were made with 20 cc record syringes, or from SO cc burets 
The injections were all made m the median basilic vein In addition to the 
intravenous injections, several intramuscular injections were made, and in one 
case, through faulty technic, quite an amount of the fiftieth-normal sodium 
cyanid was injected into the perivascular tissue In no case was there any 
sign of inflammation or local irritation 

The rate of administration is all important, and it is necessary to time the 
injection exactly This point will be brought out later 

The respiration was recorded by means of a tambour One or two large, 
thin-walled volley-ball bladders were placed over the chest and abdomen and 
a canvas bandage fixed about the patient and the bladders The bladders were 
connected by a Y tube and then with the tambour by means of a rubber tube 
In the tables which follow we have recorded the respiratory rate before and 
after the administration of the drug, and also the total linear excursion of 
the lever of the tambour m centimeters m twenty seconds This latter figure 
would be an exact measure of the lung ventilation were our method of record- 
ing the respiration perfect This is not the case, however, but we regard the 
figure obtained as probably roughly proportional to the lung ventilation, or 
at least as near an approximation to it as we were able to obtain 

A Jaquet time-marker recorded the time in seconds, and a marking pen 
was used to indicate any procedure The pulse was taken at the wrist through- < 
out at intervals Systolic and diastolic blood pressure determinations were 
made in one case, but no change m the blood pressure was noted 

CASES IN WHICH TREATMENT WAS ADMINISTERED 

Case 1 — H H , man, aged 39, weight 160 pounds General state of nutri- 
tion good Heart enlarged, apex beat m sixth interspace beyond nipple line 
Loud blowing, systolic murmur, with maximum intensity at second interspace 
on right side and transmitted into vessels of the neck and the left axillary 
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space Alurmur also heard at the apex Thickening of radial, brachial and 
tempoial arteries 

Diagnosis — Dementia paralytica 

This patient received a total of 26 cc of fiftieth-normal sodium cyanid 
or 26 mg of sodium cyanid within a period of sixteen minutes The admin- 
istration of 1 cc in thirty seconds was the slowest rate of injection that 
caused a stimulation of the respiration Injection of 1 c c per thirty, twenty, 
fifteen, Uielve, and ten seconas caused increasing responses During the 

period in whicli he rcccncd 1 cc in fifteen seconds the late remained unchanged, 
but the amplitude of the respiration doubled A series of injections of 1 cc 
at intervals of one-half minute each called forth a beautiful response, the 

amplitude again being increased witnout any change in the rate The duiation 

of the stimulation following a single injection was approximately twenty sec- 
onas It was observable in this case that during marked stimulation the 
accessorj resplrator^ muscles of the neck were used At the end of the injec- 
tion some flushing of the face was noted 

C \sn 2 — E L E , man, aged 48, weight 90 pounds 
Diagnosis — Dementia paralytica 

The patient \\as bed ridden, scmicomatose, and becoming progressively 

weaker It was impossible to arouse him , the eyes were constantly closed 
The patient vas much emaciated 

TABLE 1 — Case 2, Treatment 1 
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Patient 2 received 20 c c fiftieth-normal sodium cyanid or 20 mg of sodium 
cyanid m a period of thirty-four minutes The apnea following each rapid 
injection of sodium cyanid is roughly proportional to the intensity of the 
stimulation of the respiration and this again is almost proportional to the dose 
of sodium cyanid and the rate of injection We therefore regard the respira- 
tory pause following the stimulation as a true apnea This patient also received 
0 5 mg of strychnin sulphate intravenously in a period of thirty-four minutes 
The strychnin did not stimulate the lespiration There was a latent period of 
reaction to sodium cyanid of twenty-one seconds Increase in pulse rate 
30 per cent 
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Case 2 — Treatment 2 — ^June 11, 1917 As the results of this treatment 
were similar to those in the first they are not tabulated The patient received 
82 c c fiftieth-normal sodium cyanid or 82 mg of sodium cyanid in a period 
of forty-five minutes injected slowly The increase in the pulse rate was 23 
per cent , and the latent period of reaction to the sodium cyanid thirteen seconds 

TABLE 2 — Case 2, Treatment 3 
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Dane County, "Wis , Medical Society) 


Case 2 — Treatment 4 — June IS, 1917 Two cc of fiftieth-normal sodium 
cj'anid intravenously produced the same stimulating effect as in the first treat- 
ment, while 10 c c intramuscularly showed only a slight stimulating effect The 
patient received 40 c c fiftieth-normal sodium cyanid or 40 mg sodium cyanid 
in a period of forty minutes The latent period of reaction to the sodium 
cyanid was eighteen seconds 
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Case 3 — C L E , man, aged 36, weight 135 pounds 
Diagnosis — Dementia paralytica 

The patient was bed ridden, unable to speak, and has convulsions, with brief 
uiter\als of relaxation between seizures 


TABLE 3 — Case 3 
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20 , 


3 00 

1 

1 


10 0 

10 2 

r ICO fluslied, total is c c in 10% min 

29 

1 1 

3 0914 


0 2 

10 0 

9 ') 


30 

1 i 

3 11 

1 8 

52 

10 0 ; 

1 

10 8 


31 

5 1 

3 13 

' 8 

57 

90 

90 

lee in 19 sec , total 5 c c in V/_ ram 


si oil Ij 






pulse strong, 112 


1 


1 


10 0 

10 5 


42 

1 

4 5 

3 40 

7 

09 

1 

70 

79 



in muscle 







43 


3 48 

8 

07 

so 

82 

Injection lasted % min uiassaged 


in muscle 




1 


point of injection 

1 

4o 

10 

3 55 

1 

1 8 

00 

4 0 

1 84 



in muscle 









1 

1 


5 10 0 

) li fej ' 

Pulse 104, at 4 14 pulse vas 9b 


Less muscle twitching when drug is being given Responds to call of name 
No convulsions precipitated by administration of drug Had many convulsive 
attacks in the previous few days Increase m pulse rate 16 per cent This 
patient received 72 5 c c fiftieth-normal sodium cyanid or 72 5 mg sodium cyanid 
in one hour and forty minutes Latent period of respiratory stimulation 11 
seconds 
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Case; 4 — G E F , man, aged 26, weight 140 pounds Heart normal in size 
Loud systolic murmur at apex transmitted to the left, audible along sternum 
and at base Blood pressure systolic 90, diastolic SO 
Diagnosis — Dementia praecox, catatonic form 

The patient was always very quiet, sat by himself, made no effort to speak 
to any one and could not be induced to answer questions Had become emaciated 

TABLE 4— Case 4 

June 15, 1917 



Pro 


Respiration 


No 

N/50 

Time 

Before 1 

After 

Remarks 


TvaOiN, 

Oc 

i 

Rate 5 

1 

"Vent 

Rate 

Vent 


3 

r 

i 

2 j 

4 32% 

1 

40 j 

1 

3 8 

50 

57 


4-7 

8 1 

1 

4 33% 



40 

4 9 

Total See in 2% min (2 c c at a 
time), pulse 52 

8 

1 

2 

4 37 

4 0 

49 

50 

64 


9 

8 

4 38% 

35 

1 

40 

45 

78 

Total 8 c c m 3% nun (5 c c , 1 c c , 
and 2 c c ) 

14 

5 

4 46% 

1 

3 5 I 

42 

40 

81 


15 

2 

4 49% 

1 





16 

2 

4 51% 

40 ' 

I 

1 

38 

40 

5 45 


17 ’ 

12 

slowly 

4 52y2 

40 j 

1 

1 

3 G5 

40 

6 0 

10 7 

885 

Ice m 9 sec 

Ice in 15 to 20 sec , respirations vert 
regular, pulse 128 

19 ' 


4 58% 

1 

1 

j 


i 


Pulse 100 at 4 58%, 88 at 5 00%, and 
86 at 5 02 

22 

23 

2 

2 

5 10 

5 12 

40 

1 

40 

4 15 

1 

4 9 

40 

4 0 

01 

1 

65 

Pulse, 72 before injection, 84 after 
injection 

24 

2 

1 

5 13% 

40 

38 

40 

70 


25 

6 

slowly 

5 15% 

5 17 

40 

4 15 

4 0 

50 

84 

9 45 

1 c c in 16 sec , respiration verj regu 
lar, pulse 100 

Pulse lOO, drops to 88 

26 

3 

5 21% 

4 5 

35 

40 

7 85 

Pulse 86 

SO 

2 

5 27% 

3 5 

385 

40 

6 35 

Pulse 84, patient somewhat restless 

32 

4 

slowlj 

5 34% 

25 

1 

26 

j 

1 

1 

50 

1 

84 

Pulse 84, 1 c c per 10 sec 

Latent period for slow injections aver 
ages 15 sec , patient in good condi 
tion after treatment and much bet 
ter than before, patient received 64 
mg NaCN or 64 c c N/50 NaON in 
1 hr 15 min , Increase in pulse rate 
146 per cent , latent period averages 
23 sec 
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C\SE 5 — ^\V H Y, man, aged 45, weight 120 pounds, treated June 16, 1917 
Diaguosis — Dementia paralytica 

After subcutaneous injections the stimulation was negligible, while only 
after large quantities intramuscularly was there any stimulation noted Intra- 
\enous injections produced stimulating effects as in other cases Increase in 
pulse rate 26 per cent Latent period twenty-three seconds 
Case 6 — J H, man, aged 21, weight 125 pounds 
Diagnosis — Dementia praecox 

The patient was always extremely sluggish, made no effort to talk to any- 
one Was up and about every day State of nutrition pool 

i 

TABLE 5— Case 6 


June 10, 1917 


No 

Pro 

ccdurc 

1 X/50 

Cc 

1 

Ximc 

1 

1 

Respiration 


Remarks 

' Before 

1 Alter 

1 Rate 

t 

j Vent 

Bate 

Vent 

5 

1 2 

1 

! 9 223i 

5 

) 1 
56 

5 

59 

Pulse GO 

6 

1 

i O 

1 

1 0 24 

, 5 

54 

5 

0 5 


7 

i ^ 

j 9 25 

1 3 

61 ’ 

1 

5 

57 


s 

i 

9 20% 

1 6 

57 

5 

81 


9 

6 

9 29% 1 5 

f 

liu. 

CO 

5 

j 

87 

1 

Pulse 09 

12 1 

20 

1 j 

9 821^ 

! 5 

i ^2 

1 

5 i 

78 

ICC In 10 to 14 sec 


sloilli 


1 

1 

i 




i 


1 


c 

11 7 

Pulse 99, total 20 c c in 3% mm , 








slight flushing of face, no cyanosis 


, 

1 I 

i 

1 




bee Figure 3 

15 


9 1014 i 

i C 

' 4 & 

5 

01 


IG 

i 2 ! 

9 47% 1 

6 

6 5 

5 

74 


IS ^ 

1 

1 : 

9 51% 1 

1 , 

5 

47 

5 

50 


19 i 

15 ! 

9 52% 

5 

18 

4 

70 

1 c c in 10 to 14 sec., face flushed 


slowlj 



J 








1 

1 1 

5 I 

79 

Ice in 10 to 20 sec, pulse 105, strong 


i 



1 

5 

10 5 

1 c c In 10 sec , total 15 c c m 5 min , 

1 

i 

1 



1 



skin moist 

21 

1 

10 00% 

G 1 

3 5 

5 1 

51 


22 

1 

10 01 

5 

1 

61 

yawn 



25 

2 

10 05 

1 

1 4 

28 

4 

5 0 

Pulse 90 

20 

2 

10 00 

4 

50 

3 

58 



Results in the remainder of the treatment were similar to those recorded in 
the table Patient received in all HI cc fiftieth-normal sodium cyanid in one 
hour and fifteen minutes Fifty-nine per cent increase in pulse rate Latent 
period twenty-one seconds 

Case 7 — D G E , man, aged 25, weight 155 pounds 

Diagnosis — Dementia praecox 

Patient received 157 c c fiftieth-normal sodium cyanid, or 157 mg sodium 
cyanid in a period of one hour and fifty-eight minutes, patient m very good 
condition after treatment, no vertigo, pulse rose from 54 to a maximum of 
87, latent period of stimulation of respiration twenty-two seconds 
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Case 8 — L C, man, aged 39, weight 100 pounds 
Diagnosis — Dementia paralytica 

For the previous eight months he had been confined to his bed 

TABLE 6— Case 8 

'Tuno 21, 1917 




Ao 

Pro 

cedure 

N/50 

NaON, 

C c 


Respiration 

Rem irks 

Time 

Before 

After 


Rate 

Vent 

Rate 

Vent 

3 

2 

10 20% 

b 

10 2 

5 

78 


4 

2 

10 21 

5 

78 

7 

111 


0 

1 

10 22 



6 

92 


0 

5 

10 22% 

6 

9 2 

7 

11 9 



slowly 







b 

5 

10 23 

6 

7 4 

7 

12 5 



slowly 







1 

10 

27 

10 31 

0 

7 6 

8 

17 5 

Pulse 103, total 27 c c In 9 min 


buret 












7 

10 8 

ice in 27 sec 






7 

14 5 

Ice in 14 sec 






9 

17 4 


14 

13 

10 41 

7 

85 

7 

13 6 

Tot il 13 c c in 6% mm , pulse 103 at 


slowly 






10 41 a m 






8 

10 7 

Pulse 68 at 10 "5 1 m 

26 , 

2 

11 05% 

7 

113 

7 

16 9 


27 i 

1 

2 

11 05% 

7 

10 9 


15 2 


1 

28 1 

16 

11 O6V2 

7 

15 2 

8 

17 7 

lee in 22 sec Total 16 c c in 5% 

1 

slowly 






min , pulse 100 at 11 15 i m 

33 

2 

11 19% 

7 

10 4 

7 

16 7 

Pallor 

34 

O 

11 21% 

6 

13 0 

8 

15 5 


35 

6 

; 11 22% 

7 

13 7 

8 

18 7 

1 c c In 18 sec , total 6 c c in 2% min 


slowly 






hiccough, pallor 

39 

1 

3 

11 35 

8 

19 2 

8 

22 0 

Pallor Note Pigure 4 


Patient in good condition after treatment Patient received 93 c c fiftieth- 
normal sodium cyanid, or 93 mg in a period of one hour and twenty-two min- 
utes Latent period twenty seconds 


I 
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Case 9 — N J , man, aged 60, weight 140 pounds 
Diagnoses — Dementia paralytica 

Patient had been confined to bed for eighteen months 
TABLE 7 — Case 9, Treatment 1 

Juno 21, 1917 Buret injection 


1 

No 

Pro- 

cedure 

N/50 

NnON, 

C c 

1 

j Respiration 

Remarks 

Time I 

Before 

After 

i‘ 

1 

Rate 

Vent 

Rate 

Vent 

9 

1 I 

i " 

2 j 

11 

84 


no 


n 

[ 1 

2 ocyi 


1 

1 



Ice in 8 see , no eiTect on respiration 

12 

! 2 

1 

2 07^ 1 

12 

, S4 

12 

12 7 


13 

2 

1 

2 03% 

11 

, 64 

11 

12 9 

2 c c in 10 sec 

14 

29 5 

1 2 10 

11 

C9 

12 

10 5 

Pulse 91, 1 cc in 18 to 22 sec 


' Slowly 

1 











11 

112 

Pulse 102, face flushed 


i 

2 20 



12 

16 8 

Pulse 100, lee in 25 sec , total of 



[ 





29 5 c c m 10% min 

19 

, 15 

2 23 1 

11 

10 8 

11 

18 9 

lee in 15 sec , face flushed Note 


' slouly 





1 

Piguro 5 



j 



12 

121 

lee in 12 to 40 sec 


( 

J 



13 

19 3 

1 c c in 25 sec 



1 



12 

20 7 

Ice in 28 see , pulse 100, total, 15 c c 


1 

I 




j 

in 10 min 

34 

1 10 

2 57% 1 

13 

12 

13 

11 7 

Apparently no response 


1 Intramus 

' 







1 cularly 

J 

i 



13 

12 5 



Patient received 65 cc fiftieth-normal sodium cyanid or 65 mg sodium 
cyanid in a period of one hour Increase in pulse rate 8 per cent , latent 
period twenty seconds 

Case 10 — ^T Z , man, aged 21, weight 160 pounds Admitted to the hos- 
pital June 25, 1917, and had not spoken since admission, and therefore no 
history could be obtained Immediately following the injection he talked freely 
and gave a history which was later verified His mental condition was still 
improving 

Diagnosis — D ementia praecox 
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TABLE 8— Case 10 


June 27, 1917 Buret injection 


No 

Pro 1 
cedure 
J</50 1 

NaCN, 1 
0 c i 

I 

1 

1 

Tune , 


Respiration 


Remarks 

Before | 

Alter 

Kate 

Vent 

Rate 

Vent 

7 

i 

^ 1 

10 06V4 

6 { 

53 




8 

1 i 

( 

10 06% 

j 


7 

71 ' 


9 

1 I 

10 07 ' 



6 

58 


10 

2 

10 07% 

6 

58 

7 

78 


11 

i 3 

1 

10 09 

7 i 

1 68 

i 7 

75 

Pulse 74 

12 

1 5 

10 10 

7 

' 68 

8 

121 


13 

i 5 

10 11% , 

7 

1 58 

7 

10 8 


14 

1 2 

10 13% ' 

7 

1 70 ' 

i 7 

87 

Response to 2 c c , Mhile there n is little 








response to 3 c c before the 5 c e in 






1 


Procedure 12 

15 

' 2 
i 

10 16% 

7 

i 56 

1 1 

1 : 

7 

78 

Total 22 c c during this period 

18 

2 

' 10 20% 

7 

i 

73 ' 

1 1 

' 7 

75 


19 

5 

' 10 21% ! 

6 

1 5 4' 

’ 5 1 

1 12 7 

Apnc i of 13 sec followed this stiniu 



1 





1 Uion 

20 

1 

. 10 33% ; 

6 

' 4 7 

7 1 

1 6 5 

Response here to 1 c c follouing 5 c c , 








while before tills injection there was 


1 






no response to 2 c c 

21 

1 2 

10 24% 

7 

, 61 

7 1 

1 70 


22 

i 3 

10 26 

6 

54 

^ i 

81 


23 

1 3 

10 27 

6 

55 

6 

80 

'lotal 16 c c in 0% min 

24 

20 

10 28 

6 

59 

6 

1 

I 93 

Ice in 15 sec 


slowly 





1 







6 

1 7 7! 

i 

1 c c in 20 sec 






7 

j 10 7 

1 c c in 11 sec , pulse lOS, face flushed 








total 20 c c in 4% min 



10 35 

1 



8 

' 76 

Pulse 100 

29 

1 

1 

10 39% 

1 7 

I 5 7 

C 

! GO 

1 

i 1 


SO 

2 

1 

10 40% 

6 

, 60 

, 7 

1 ; 

1 97 1 


31 

2 

10 42% 

7 

, 6 5 

7 i 

1 10 0 

Slight nausea (Ind 63 c c up to this 







1 83 

time) 

32 


10 47% 

6 

68 

t 1 

1 

1 c c m 8 sec (5 c c in 1% min ) 

34 

' 2 

10 49 

7 

56 

7 1 

1 

1 83 

[ 

2 c c in 5 sec 

35 

' 2 

1 

1 

' 10 50 

I ' 

1 

59 

7 1 

1 

85 

1 

2 c c in 4 sec 

SG 

1 2 

10 51% 

1 

1 

57 

7 ^ 

^ 8 4 

2 c c in 11 sec 

37 

1 

1 2 

, 10 55 

1 

50 

7 ! 

1 

2 c c in 19 sec 

38 

' 1 

10 55% 

f 7 

58 

7 

! 68 

1 c c in 4 sec 

41 

1 

1 

10 57 

(> 

1 

5 1 

1 

7 1 

i 

i 74 
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TABLE 8 — Case 10 — (Continued) 



Pro 
cedure 
X/50 
' NnON, 
Cc 



Respiration 



No 

Time 1 

j Before 

After 

Remarks 


j 

Rate 

Vent 

Rate 

Vent 


! 

42 

3 

i 

j 10 5S>4 

6 

54 

0 

119 

See in 5 sec 

43 

3 

1 1 

j 11 00 

6 

50 

6 

10 8 

See in 10 sec 

44 

3 

11 02 

6 

59 

7 

10 0 

3 c c in 16 sec 

45 1 

3 

i 

11 03Vi 

0 

02 

6 

90 

Sec m 15 sec 

46 

47 

50 

3 i 

1 

9 1 

! 

1 

11 06 

1 

11 0S% 1 
11 10% 1 
11 15% j 

i 

1 

G 

! 

5 7 

1 

i 

1 1 

1 

! 7 

8 

1 1 

7 

1 

88 

9 5 

1 

G2 

See in 18 sec 

lee m 12 to 16 sec , total 9 e c in 
2 min , pulse 104, nausea, \omitinir 
movements, pallor, pulse of good 
character 

Pulse 70 Patient conversed all tluough 
latter part of injection It v is the 
first time ho had made anj sort of 
statement since his admittance to 
the hospital 


Patient received 102 c c fiftieth-normal sodium cyanid, or 102 mg in a 
period of one hour and four minutes He said he felt much better after the 
treatment Increase in pulse rate 32 per cent , latent period twenty-two seconds 


DISCUSSION or RESULTS 

The pi otocols, together with the tracings, show clearly that sodium 
cyanid is a reliable stimulant to the respiration in every case in which 
we have administered it It should be noted that the graphic records 
of the respiration in our experiments do not show accurately the lung 
ventilation Thus, with a change in the type of respiration the bladder 
or bladders might less perfectly record the respiiatory movements 
Frequently, following the administration of sodium cyanid, inspection 
of the chest clearly showed an enormous stimulation of the lespiration, 
wheieas the recoid shows but relatively slight stimulation Thiough- 
out, we may say that the records rather minimize the degree of respira- 
tory stimulation 

The therapeutic use of sodium cyanid in these cases has fully con- 
firmed the results of the animal experiments, in that we have never 
had experience with any drug whose administration calls forth so 
exact a response in functional activity as is to be noted under the 
cyanid 

The exactness of the control of the respiration under sodium cyanid 
IS well illustrated in Cases 2 and 3 Records of the cyanid injections 
in these cases are shown in Figures 1 and 2 In Case 2, Treatment 1, 
as will be seen from the table, the stimulation of the lespiration, both 
as to amplitude and rate, on rapid injection, is roughly proportional 
to the dosage In other cases the amplitude is markedly increased with 
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little or no cliange in the rate Figure 1 illustrates the type of respira- 
tory stimulation which it would be most desirable to obtain in the 
resuscitation of drowning individuals The great respiratory move- 
ments as shown here following rapid injection of 5 c c fiftieth-normal 
sodium cyanid would be invaluable in expelling water from the lungs 
The respiratory pause shown in the record is apparently physiologic 
following the very active respiration and occasions no alarm 

Figure 2 shows the remarkable control of the respiration under 
cyanid possibly even more strikingly The series of “beads” in the 
record, each representing a period of respiratory stimulation, could be 
produced at will 

In regard to the margin of safet}’- m the intravenous administration 
of sodium cyanid, we may say that m the fifteen therapeutic injections 
which we have made we have never experienced aii)'^ alarming symp- 
toms whatever either during the time of injection or at any time fol- 



A B c 

Fig 1 (Case 2) — Tracing illustrates the exactness of the control of the 
respiration under sodium cyanid , A, apnea of fifteen seconds followed stimu- 
lation, B, apnea of thirty-two seconds followed stimulation, C, apnea of forty 
seconds followed stimulation 


lowing It On the other hand, we have seen m addition to the stimula- 
tion of the respiration observed during and immediately following the 
administration of the drug, a marked improvement in the general con- 
dition in many of these cases Thus, Case 2, Treatment 2, on June 11, 
was expected to end fatally during the early afternoon We were 
requested to administer the drug immediately as the respirations were 
extremely shallow Before the injection the temperature was 102 F , 
the pulse was 88, and the respirations 22 The injection was followed 
by a marked improvement in the general condition of the patient, and 
the following morning his temperature was 98 8 F , pulse 72 and respi- 
ration 20 Each of the four injections was followed by very obvious 
improvement in the general condition of the patient 

The average latent period between the injection of the sodium 
cyanid and stimulation of the respiration in man was twenty seconds 
It IS of interest to note that the latent period for any given case was 
constant on a single day, but varied on different days 
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The duration of stimulation fioin a single injection is almost pro- 
portional to the dosage and the rate of administration The duration 
of stimulation, howevei, following a single rapid injection of sodium 
cyanid rarely exceeds thirty seconds 

The dosage required to give an outspoken stimulation of the respi- 
ration in man on rapid injection may be placed at fiom 3 to 5 c c of 
fiftieth-normal sodium cyanid 

A single rapid initial injection of 1 or 2 cc of fiftieth-normal 
sodium cyanid which fails to elicit a stimulation of the respiration will 
often cause a peifectly obvious stimulation when gueii a certain period 
of time following the injection of larger amounts administered either 
slowly or rapidly 



Fig 2 (Case 3) — Illustrating tl.e effect on the respiration of sodium cyanidi 
given 1 c c at a time 


Our work throughout has confiimed the view that sodium cyanid 
IS quickly transformed in the body to a nontoxic product It is difficult 
to give the rate of detoxification in the body, but it would seem that 
the human body can detoxify sodium cyanid when injected intra- 
venously at the rate of 1 c c per thirty or forty seconds, because when 
injected at this rate over a considerable period of time the drug pro- 
duces no effect whatever This offers the simplest explanation of the 
fact that doses which were insufficient to stimulate the respiration 
originally, may be efficacious when given a short time aftei other 
larger injections It is also possible that a previous injection may 
increase the irritability of the respiratory center toward cyanid, but 
we are inclined to believe that this is not the true explanation 

Slow, continuous injections can be made by means of a syringe, 
although we obtained our most satisfactory results using the buret for 
such injections 
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The effect of intravenous injections of sodium cyanid on the circu- 
lation which we have noted are as follows 

(a) Pulse rate We have noted that in most of our injections theie 
IS a tendency to an increase in pulse rate In some cases it was rather 
striking In Case 4, Injection 1, after the injection of 37 c c of sodium 
cyanid, the pulse rate rose suddenly from 52 to 128 After a very short 
time the pulse rate dropped to 84 This is the most extreme case of 
increase in pulse rate which we noted In other cases, the inciease in 
pulse rate was much less, averaging 30 per cent 

(&) Blood Pressure The blood pressure was taken by the aus- 
cultatorv method in only one of our cases (Case 2, Injection 2) The 
variation of the blood pressure was well within the limit of error 



Fig 3 (Case 6) — Showing the effect of constant stimulation during the 
slow continuous injection of 20 cc fiftieth-normal sodium cyanid 


(c) In certain of our cases in which there was a marked pallor of 
the skin before injection, we noted a general cutaneous hyperemia, in 
some instances with sweating In other cases, merely a flushing of the 
face was noted, and in still other cases a pallor developed during injec- 
tion which may have been associated with a tendency to nausea 

In Case 1, in which there was a serious heart lesion, no disagree- 
able symptoms of any kind were noted 

Vomiting center In no case was actual vomiting produced by the 
injection of sodium cyanid One patient. Case 7, stated that he felt 
sick after a slow, continuous injection Another patient. Case 10, after 
an injection of 102 cc was nauseated, retching movements occurring 
At this time there was a pallor of the face The pulse was of good 
character 

Evidences of stimulation of the cerebrum as a whole, especially 
the psychic centers, was obtained in a number of cases Thus, several 
patients, who had had their eyes closed for a long time, opened their 
eyes and looked about In two instances they yawned quite naturall}' 
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Fig 4 (Case 8) — Effect of sodium cyamd on the respiration, A, normal 
tracing, B, shows stimulation eleven minutes after the injection of 6 c c 
fiftieth-normal sodium cvamd was completed 



Fig 5 (Case 9) — Illustrating stimulation of the respiration during an injec- 
tion of sodium cyamd in which the rate of injection was varied 


128 


A S LOEVENHART ET AL 


ARCH INT 1 


as though they were awakening from a long sleep The most interest- 
ing instance of psychic stimulation was observed in Case 10 This 
patient, who had dementia praecox, entered the hospital June 27, 1917, 
and up to the time of the injection had not spoken a word, so that no 
history was obtainable except from the meager statements on his com- 
mitment papers After receiving an injection of 102 c c of fiftieth- 
normal sodium cyanid within a period of sixty-four minutes, the patient 
conversed, answered questions and attempted to explain his prolonged 
silence His history was then obtained for the first time We have, on 
the other hand, seen no evidences of motor stimulation Case 3 clearly 
indicates the absence of motor stimulation This man had been having 
one clonic convulsion after another for days, with occasional periods 
of rest During the injection, and for some time following i<-, the 
convulsions did not occur and the muscular twitching was much less 
marked In this case the cyanid seemed rather to depress than to 
stimulate the motor cortex 

Attention has already been called to the fact that subcutaneous, 
perivascular, or intramuscular injection of fiftieth-normal sodium 
cyanid in man does not cause any local inflammatory reaction There- 
fore, from this point of view, the drug could be injected intramuscu- 
larly, but the dosage is not easy to determine when so administered and 
the delay in the therapeutic effect makes it impossible to gauge the dose 
nicely For the present, therefore, we do not recommend intramus- 
cular administration of the cyanid 

SUMjNIARY 

The results of extensive animal experimentation, briefly summar- 
ized in the early part of this paper, necessitated a clinical investigation 
of the use of sodium cyanid as a respiratory stimulant Our clinical 
results may be briefly summarized as follows 

1 We have treated ten patients with intravenous injections of 
fiftieth-normal sodium cyanid solution (0 1 per cent ) The treatment 
was repeated in some cases so that in all, fifteen treatments were given 
In every case we have obtained a marked stimulation of the respiration 
on the average within twenty seconds after starting the injection The 
stimulation could be accurately controlled by the rate of injection The 
duration of the stimulation following a single injection depends on the 
dose and rate of injection It rarely exceeds thirty seconds The 
dosage required to produce therapeutic effects in man vary in different 
cases and according to the condition Thus, in the case of resuscita- 
tion from drowning, it may be desirable to give an adult an injection 
of 5 c c of fiftieth-normal sodium cyanid within a period of ten sec- 
onds This will give very large respiratory movements and should 
expel water from the lungs 
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2 In other cases showing great depression of the respiration, when 
it is desired to produce a milder and more contmuous form of stimu- 
lation of the respiration, it is desirable to give a slow, continuous injec- 
tion of fiftieth-normal sodium cyanid intravenously at a rate varying 
from 1 c c in thirty seconds to 1 c c in fifteen seconds, depending on 
the degree of stimulation and the condition of the patient Any com- 
petent observer watching the injection will have no difficulty m decid- 
ing the proper rate for a given case 

3 Tne injection should either be slowed or temporarily stopped on 
the appearance of any of the following symptoms (1) marked pallor, 
(2) signs of nausea , (3) marked increase in the pulse rate , (4) depres- 
sion of the respiration following too rapid injection or too large a 
dose, and (5) any other evident onto ward symptom should be the 
signal for stopping the injection 

4 The factor of safety in the intravenous administration of fiftieth- 
normal sodium cyanid is sufficiently large for clinical purposes 

5 It IS our opinion that the intravenous injection of sodium cyanid 
may prove to be useful in the following conditions (1) depression of 
the respiration resulting from increased intracranial pressure however 
produced, until the condition can be relieved by decompression, (2) 
resuscitation from drowning, (3) embarrassment of the respiration 
under any form of anesthesia, and (4) other forms of respiratory 
depression, when it may be given m addition to artificial respiration 
Opportunity has not presented itself foi us to study the effect of 
cyanid in all of these conditions 

6 The effects of sodium cyanid injections on the circulation are 
not such as would detract from its clinical use 

7 No disagreeable symptoms whatever developed as a result of the 
treatment in our clinical cases, and the condition of many of the 
patients was obviously improved In addition to the stimulation of the 
respiration, there is evidence of stimulation of other parts of the cere- 
brum, especially the psychic functions 

8 It would seem superfluous to advise caution in the use of this 
drug We believe, however, that the method is a perfectly safe one in 
the hands of a cautious clinician 

13 Sodium cyanid tablets containing 100 mg may be obtained from Hynson, 
Westcott & Dunning, Charles and Franklin Streets, Baltimore One of these 
tablets, when dissolved in 100 cc of sterile physiologic salt solution, yields a 
solution suitable for this work In case the whole 100 c c is not used, it should 
be disposed of 
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THE INFLUENCE OF LARGE DOSES OF THYROID 
EXTRACT ON THE TOTAL METABOLISM 
AND HEART IN A CASE OF 
HEART-BLOCK + 

J C AUB, MD, AND N S STERN, MD 

BOSTON 

The effect of the ingestion of thyroid extract on normal and myx- 
edematous people has been studied by several observers The general 
opinion seems to be that cases of myxedema and cietimsm respond 
readily to thyroid extract by a considerable increase in basal metab- 
olism, and that normal and obese people, while usually affected, respond 
to a less marked degree DuBois^ reports a case of cretinism whose 
basal metabolism rose 20 per cent in three and one-half days under 
the influence of thyroid extract 

The amounts of thyroid extract employed differ greatly in the 
investigations on normal and obese individuals A patient with obesity 
studied by Magnus-Levy^ received the largest dose of thyroid extract 
that we know of — from 3 to 5 gm daily for nineteen days Anderson 
and Bergman® used large doses, but only for one day before observa- 
tions Thiele and Nehring'^ used doses up to 0 9 gm a day 

Observations vary as to the influence of thyroid on the total metab- 
olism of normal and obese people Some investigators report an 
increase, others none Magnus-Levy® found a rise from 10 to 25 per 
cent following thyroid administration in three of five obese patients, 
and no rise in two Stuve® is reported to have found a rise m one 
patient after thyroid Anderson and Bergman,® after large doses the 
day before observation, found no rise in themselves except what they 
attributed to muscular exercise Thiele and Nehring^ affirmed that 
thyroid tablets m all their cases caused a rise of gaseous metabolism 

* Submitted for publication Aug 24, 1917 

*From the Medical Service and Respiration Laboratory, Massachusetts Gen- 
eral Hospital 

1 DuBois, E F Metabolism in Exophthalmic Goiter, The Archives Int 
Mid, 1916, 17 , 915 

2 Magnus-Levy Untersuchungen zur Schilddrusenfrage, Ztschr f klin 
Med , 1897, 33, 269 

3 Anderson and Bergman Einfluss der Schilddrusen Futterung auf dem 
Stoffwechsel des Gesundes Menschen , Skand Arch f Physiol , 1898, 8, 326 

4 Thiele and Nehnng Untersuchungen des Respiratarischen Gaswechsel 
unter dem Einfluss von Thyreoideapparaten und bei Anaemischen Zustanden 
des Menschen, Ztschr f klin Med , 1896, 30, 41 

5 Stuve Festschr , Frankfort a M 1896, 44 . 
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Means” found an increase in one obese patient, but two showed no rise 
after the administration of thyroid for five days Jaquet and Svenson’’ 
found in some cases a use in metabolism after thyroid, not in the basal 
observations, but m the extra energy given off following the ingestion 
of food Their observations vaiy markedly from day to day, how- 
ever, and the amount of thyroid given is not clear 

The piesent case is repoited because of the marked effect of thyroid 
extract on the basa| metabolism as well as on the auricular rate of the 
heart It was possible to study auricles and ventricles separately 
owing to the presence of complete auiiculoventncular dissociation 

REPORT OF CASE 

History— C E A, \voman, white, single, aged 24, violin teacher She had 
measles as a baby, and at 3 years scarlet fever and diphtheria simultaneously 
She had no other infectious diseases When 12 years old severe frontal head- 
aches began which at first were biweekly, lasting from two to three days and 
associated with nausea, vomiting and abdominal pain There have been no 
attacks for eight years There has never been any syncope She has been ner- 
vous and easily excited, quickly tired and never strong She formerly felt cold 
all the time and had to wear extra clothes Her skin and hair have always 
been dry 

Ptcseut Illness — Eight years prior to admission she felt increasingly tired 
Her arms began to ache, particularly the left, when worst, the pain occurred 
nightly and was so severe that she was kept awake and could not stand the 
piessure of the bed clothes The attacks continue though gradually less severe 

For eight years she often noticed a sharp, severe pain m her left axilla, 
coming on after exertion At times she had to stop walking because of severity 
of the pain and inability to breathe About Nov 1, 1916, a very intense 
attack seized her, but she kept on walking in spite of it That night she 
could not move without pain 

During the previous seven years her physicians have said her heart rate was 
slow, usually SO Her mother said she had an irregular heart when 12 years 
old Seven years prior to admission her physician gave her thyroid extract 
without result This was done because her dry skin, sensations of cold and 
general condition offered the suggestion of myxedema Two years later she 
took 5 grains of thyroid every other day and improved, but she “usually got 
better in winter” In June, 1916, her physician, after consultation, decided to 
push the drug until symptoms appeared He increased the dose until she took 
for two weeks 26 or 27 grains of Burroughs, Wellcome & Co ’s thyroid tablets 
a day, and for the next three weeks 28 grains a day She said she had taken 
over 2,000 grains in from three to four months Nevertheless, she had no 
tachycardia, her pulse was never over 72 and seldom over 62 She had no 
headache, exophthalmos, diarrhea, loss of weight or sweating Her catamenia 
were normal, and sleep was good 

In November, her physician called Dr Edsall in consultation, who suggested 
this investigation 

Nov 6, 1916 Physical examination showed a quiet, well developed and 
nourished girl Her hands revealed a slight tremor Her thyroid gland was 


6 Means, J H Studies of the Basal Metabolism in Obesity and Pituitary 
Disease, Jour Med Research, 19lS, 32 (new series 27), 121, The Basal Metab- 
olism in Obesity, The Archives Int Med , 1916, 17 , 704 

7 Jaquet and Svenson Zur Kentmss des Stoffwechsel Fettsuchtigen 
Individuen, Ztschr f klin Med , 1900, 41 , 375 
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not palpable Her heart apex by percussion was 10 5 cm to the left of the 
midhne The beat was forceful and the second sound sharp There was a 
rather loud blowing systolic murmur everywhere The heart was slow and 
block was suspected The skin of her hands was soft and silky, her hair dry 
and fine Her face was sallow and slightly coarse Her eyes were not promi- 
nent The basal metabolism was determined Thyroid administration, 28 grains 
a day, was continued 

November 13 The hands were slightly swollen The electrocardiograph 
confirmed the diagnosis of heart block The basal metabolism was determined 
Blood sugar 0081 per cent Thyroid continued 

November 16 Thyroid extract was omitted ^ 

November 18 No thyroid was given on the third day The basal metabolism 
was determined Polygram (Fig 1), electrocardiogram and roentgenogram 
were taken 

Roentgenographic report Seven foot plate of the heart The apex is 8 cm to 
the left of the median line , right border is S 3 cm to right of the median line , 
total transverse diameter, 13 3 cm , greatest transverse diameter of great ves- 
sels, 6 5 cm , length of heart, 15 2 cm , diameter at base, 10 4 cm , enlarge- 
ment of heart to the right Prominence of auricle 

November 20 Basal metabolism determined Blood sugar 009 per cent 
November 21 Wassermann test negative 



Fig 1 — Polygram taken Nov 18, 1916 Complete aunculoventncular dis- 
sociation Auricular rate 108 per minute, ventricular rate 51 per minute 


December 4 No thyroid for nineteen days She gets overtired now, can- 
not sleep, and feels cold all the time Basal metabolism determined, and 
electrocardiogram taken (Fig 2) 

December 7 An attack of precordiai pain, which radiated to her left arm, 
lasted several hours 

December 17 No thyroid for thirty-two days Her skin is somewhat drier 
than before Metabolism determined 

December 23 Electrocardiogram and polygram taken 

Jan 27, 1917 Admitted to the Massachusetts General Hospital Discharged 
February 4 Eight days prior to admission on climbing the stairs after one 
and one-half hours of violin practice, her heart began to beat forcibly, with 
an occasional strong beat, which her physician said was an extrasystole This 
condition lasted a few days This afternoon her left arm aches severely and 
she feels very tired 

Physical Examination — The pupils were dilated but reacted normally, the 
heart apex was seen and felt in the fourth space 14 cm to the left of midhne 
and 3 cm beyond the nipple, right border of dulness 2 cm to right, her feet 
were cold, there was no tremor of the hands The chart showed a range of 
pulse between 51 and 64 Urine and feces were normal, white count of blood, 
16,700, differential count was normal 

January 28 The basal metabolism was determined No thyroid in seventy- 
four days 



NUARY, 


191S 


THYROID EXTRACT AND HEART-BLOCK 


133 


January 31 Electrocardiograms were taken before and after subcutaneous 
injection of one-fiftieth gram of atropin sulphate (Fig 3) 

February 1 Electrocardiograms were taken before and during right and 
left vagal and right ocular pressure, and immediately after walking 220 yards 

DISCUSSION 

The basal metabolism determinations (Table 1) were made with 
the Benedict unit apparatus ® The patient was fasting at least fourteen 
hours and was at complete rest for at least one-half hour before, as 
well as during all observations Every obseivation was checked by two 
observers 

The dose of thyioid ingested by the patient had been gradually 
increased by her physician until from 26 to 27 grains weie taken daily 
for two weeks, and 28 grains a day for three weeks before she was 
seen by us and for ten days thereafter She had thus taken about 
1,000 grains in the course of five weeks, and over 2,000 grains in from 
3 to 4 months 

As a result of these large doses, her average total basal metabolism 
was 54 5 and 52 3 calories per squai e meter per hour These figures 
show a marked increase, 47 and 41 per cent , respectively, over the 
standard of 37 calories per square meter per hour found for a normal 
woman of her age However, there were no other symptoms of hyper- 
thyroidism than this increased metabolism and the increased auricular 
rate There was no sweating, no nervousness, no diarrhea or exoph- 
thalmos There was no loss of weight On the contrary, she even 
claimed to have gained slightly 

After the omission of the thyroid the return to normal metabolism 
Avas very rapid For sixty hours the metabolism continued at the same 
high level as before, namely, -}-40 per cent But within the next forty- 
eight hours the metabolism dropped to +28 per cent One week later, 
on the twelfth day after the omission of the drug, the metabolism had 
fallen to +11 per cent , a point practically within normal limits 
Another week brought the variation to but 3 per cent above normal 

As the height of the metabolism diminished the weight of the body 
increased, the net gam from November 13 to December 17 being 3 7 kg , 
about 8 pounds 

The respiratory quotients as obtained by the unit apparatus are not 
very accurate, and no great emphasis can be laid on them Normally, 
they vary with a change in the percentage of foodstuffs burned In 
this case they give no indication of a marked changed in the percentage 
of fat and carbohydrate utilized during and following thyroid ingestion 

Furthermore, there was no appreciable effect on the blood sugar 
by the thyroid medication November 13, while thyroid was still being 

8 Benedict, F G Em Umversalrespirationsapparat, Deutsch Arch f khn 
Med , 1912, 107 , 156 
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administered, the blood sugar was 0081 per cent, and November 20, 
five days after omission of the drug, the blood sugar was 0 090 per cent , 
both normal figures 

From the cardiac point of view the case is one of the few of com- 
plete aunculoventncular dissociation in which the ventricular rate is 
50 or over Several cases in the literature show a high ventricular 
rate when the dissociation was due to digitalis poisoning, but only a 
few in which the cause of the block was organic Lea,” Hunt,^” 


TABLE 2 — Electrocardiographic Rates 
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During right vagal pressure 
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During left vagal pressure 
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55 

During right ocular pressure 
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1 

55 

Immediately after walking 
220 yards 


* Auricular rates belore and alter atropln, as determined by the electrocardiograph 


TABLE 3 — Polygraphic Rates 
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50 


Windle,^^ Neuhoff^^ all report cases of complete aunculoventncular 
dissociation in which the ventricles beat at a rate of from 50 to 60 per 
minute, and even higher under certain circumstances 

The present case showed variations in pulse rate from 48 to 64 at 
the times of the metabolism studies The electrocardiograph showed 

9 Lea, Edgar Complete Heart-Block with Higher Ventricular Than 
Auricular Rate, Lancet, London, 1915, 1 , 1289 

10 Hunt, G H Exhibition of Clinical Case, Lancet, London, 1913, 1 , 1312 

11 Windle, J D Permanent Complete Heart-Block, Heart, 1910, 2, 102 

12 Neuhoff, S Complete Heart-Block with Rapid, Irregular Ventricular 
Activity, Am Jour Med Sc, 1913, 145 , 513 
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variations in the ventricular rate from 50 to 65, and forty minutes 
after the subcutaneous injection of one-fiftieth grain atropin sulphate, 
an increase to 74 

The auricles, when the patient was still under the influence of 
thyroid, beat at the rate of 119 November 18, three days after thyroid 
was omitted, the auricular rate had fallen to 102, two days later to 100, 
and by December 4, the nineteenth day after stopping the thyroid, to 
the normal rate of 71 Thereafter the auricular rate was constantly 
about 75, except on January 31, when for some unexplained reason — 
perhaps excitement — it rose to an average of 103 at the same time as 
the ventricular rate rose to 65 The next day the auricles beat regu- 
larly at 75 



Fig 4 — The influence of large doses of thyroid extract on the total metab- 
olism and heart in a case of heart block 


The auricular rate curve and the metabolism curve (Fig 4), though 
drawn to different scale, show a parallelism that is worthy of note 
The fact that the auricular rate was definitely modified by the 
ingestion of thyroid to give an auricular tachycardia, while the ven- 
tricular rate was in no wise influenced, seems to indicate that thyroid 
substance produces tachycardia through nervous channels and not by 
direct action on the muscle 

The subcutaneous injection of one-fiftieth grain atropin sulphate 
affected the rate of both auricle and ventricle The auricles beat at 
the high rate of 135 (average 124) instead of at the previous high fate 
of 110 (average 103), an increase of about 23 per cent (average 20 per 
cent ) The ventricular rate rose from 65 to 74, an increase of about 
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14 per cent According to Fredericq,^® this latter indicates that the 
heart-block is not absolute, that some vagus fibers, whose terminal 
filaments were paralyzed by the atropin, had been exerting an inhibi- 
tory action on the ventricles Other mechanisms, however, are con- 
ceivable by which the phenomenon might be explained 

Right and left vagal pressure, right ocular pressure, and exercise 
produced no effect on either auricles or ventncles 

SUMMARY 

A case of complete auriculoventncular dissociation is reported for 
the following reasons 

1 Thyroid extract was administered m increasing doses so that by 
the end of a period of from three to four months over 2,000 grains had 
been ingested For the last four weeks of this period the dose 
amounted to 28 grains a day The only effects observed from taking 
these large amounts of thyroid were an increase in the basal metab- 
olism of 47 per cent above normal and a rapid auricular rate of 120 
After the withdrawal of the thyroid the basal metabolism fell to nor- 
mal limits within twelve days and the auricular rate within nineteen 
days (perhaps less) During the first months after the thyroid was 
omitted the body weight increased over 8 pounds 

The thyroid administration had no apparent effect on the respira- 
tory quotient or the blood sugar 

2 The auricular rate was influenced by thyroid extract, but not 
the ventricular, which suggests that thyroid does not increase the heart 
beat by direct action on the muscle, but through nervous channels 

We wish to express our thanks to Dr Edsall for permission to make these 
studies of his patient and for his constant stimulating interest, and to Drs 
J H Means and P D White for valuable aid and suggestions 


13 Fredencq, Henri Critique de I’emploi des eprouves de I’atropine et du 
nitrite d’amyle dans le diagnostic des bradycardies, Arch d mal du coeur, Par , 
1916, 9, 377 
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DISTINCT DISEASE^ 

FRANCIS HARBITZ, MD 

Professor of Pathology, University of Christiania, Norway < 

Calcareous deposits, especially local, are of frequent occurrence in 
degenerated and necrotic tissue, old inflammatory exudates, and other 
dead material such as thrombi Calcification in the media and intima 
of the arteries in old persons, in pleural and pericardial exudates where 
large calcareous plates may form, the concretions in the apices of the 
lungs and in the bronchial lymph nodes as the result of tuberculosis, 
are all familiar examples Wherever tissue degenerates, deposits of 
calcium salts may take place, usually in the stroma, but also, although 
rarely, in the cells themselves, as, for instance, in the renal epithelium 
111 toxic necrosis, in ganglion cells, m muscle fibers Deposition of 
calcium salts also occurs on a larger scale, when it may give rise to 
peculiar conditions and even distinct diseases The cause of such 
deposits IS in general assumed to be a supersaturation, so to speak, of 
the blood and tissue fluids with calcium salts If the normal elimina- 
tion of calcium by way of the intestinal tract and the kidneys is dis- 
turbed as, for instance, on account of nephritis, calcareous deposits 
occur more readily Added to this we have the facts that certain 
organs and tissues are predisposed to calcareous infiltration, namely, 
the lungs, the endocardium of the left ventricle, the pulmonary veins, 
the gastro-intestinal mucous membrane and the kidneys, as shown in 
1885 by Virchow, who described calcareous infiltrations of these organs 
in diseases of bones m the course of which calcium salts are set free, 
more particularly in bone tumors, either primary or secondary, but 
also in osteomalacia and m leukemic conditions Virchow called this 
process lime or calcium metastasis It is believed that a lowered acidity 
of the blood in these organs and tissues may account for their predis- 
position to calcific deposits According to Wells,^ some thirty-six cases 
of extensive, and, as a lule, multiple, calcareous “metastasis” had been 
described up to 1915, since then some additional cases have been 
reported Still different are the cases in which deposition of lime salts 
takes place primarily in certain tissues or organs m persons who do 

* Submitted for publication Sept 3, 1917 

1 Wells, H G Classification and Ossification, The Archives Int Med, 
1911, 7 , 721 Metastatic Calcification, Ibid , 1915, 15 , 514 These articles con- 
tain references to the literature 
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not appear to suffer from any other disease except such peculiar 
deposits A form of this condition is infiltration of calcium salts in 
bursae, tendon sheaths, etc , which may occur as an independent process 
and cause more or less severe disturbances of function A number of 
cases of this kind have been described recently in Norway by Pans and 
Natvig (subacromial bursa), and by Binding- Larson and Kjerschow 
(subepichondal bursa) In these cases there was found in the bursae 
white, chalky masses or a milky fluid with smallet, hard concretions 
and incrustation of the surrounding tissues, the masses consisting prin- 
cipally of carbonates and phosphates of calcium In the tissues were 
chronic inflammatory changes with indefinite giant cells, enclosing small 
calcareous masses, but no demonstrable primary necrosis , on the inner 
wall of the bursae were small papillomatous outgrowths A rare but 
also more serious condition is “calcinosis universalis,” cases of which 
have been described recently, which is a chronic affection, especially 
of young persons, sometimes of several children of the same family, 
but also of older persons Phosphates and carbonates of calcium are 
deposited as nodulai or band-hke formations, or as softer, crumbling 
or even confluent material, especially in the subcutaneous tissue as well 
as in bursae, tendons, muscles, about nerves, and often in symmetrical 
form As a rule the internal organs are not involved and the joints 
and bones appear to be normal Over affected parts the skin may be 
pigmented and hard Various vasomotor changes have been observed 
The upper as well as the lower extremities and also the trunk may be 
affected Muscular atrophy takes place and invalidism in different 
grades results External irritation, injury or rheumatic attacks may 
hasten the depositions, which also may take place in paroxysms with 
fever, swelling, redness and tenderness of the parts involved As a 
rule, however, the process is gradual If a softening takes place, with 
secondary infection, death may result from septicopyemia There 
appears to be no primary degeneration m the connective tissue or elastic 
elements, which are especially affected, and it seems reasonable to 
assume that it concerns a metabolic anomaly of an unknown nature 

The following case under the care of Dr Wmge is an illustration 

A woman, 63 years old, suffered many years until the hands and fingers became 
greatly deformed and enlarged on account of extensive deposits around all the 
joints, there was a fluctuating swellmg on one buttock as large as half a hen’s 
egg, which on incision was found to contain a liquid and semisolid, clumpy, 
white material, extending along the subcutaneous tissue through fascia and 
muscles clear to the bone, so that it was not possible to make a complete removal 
A clump 4 5 by 7 5 cm , white as chalk and irregular, was removed and found 
to contain carbonate, phosphate and a little oxalate of calcium 

Morbid infiltration with calcium salts without evident cause may 
take place also in internal organs, and I have examined a remarkable 
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case of most extensive calcareous deposition in the lungs, which it is 
my special purpose to report 

History — Tlie patient was a woman, 41 years old, a workingman’s wife, 
admitted to the service of Prof P F Holst, Feb 10, 1917 The family history 
was good, no children While a child and also three years prior to admission, 
she had acute rheumatism, the last attack being rather mild, for some time she 
had had dyspeptic symptoms, pain m the region of the stomach, and during the 
previous three years several rather large hemorrhages from the stomach, 
occasionally she would have severe nose bleed, and once it was very extensive, 
menstrual bleeding was also severe During the previous ten years she would 
get out of breath easily, and recently dyspnea would come on readily at the 
same time that the face seemed to become blue In the summer and fall of 



Fig 1 — Roentgenograms of sections of the same thickness of normal 
lung (a) and calcified lung (fc) 


1916 the legs became edematous, at Christmas time the edema returned, and 
at the same time the abdomen became large, the urine small in amount and 
deeply colored, and from then on dyspnea forced her to sit up m bed at night 

Examination — On admission the face was cyanotic, there was anasarca, the 
finger tips were club-shaped , pulse 104, respirations 34 , prolonged expiration, 
especially over the left lung, at the base of the lungs, fine crepitation, heart 
somewhat enlarged, especially to the right, loud systolic murmur, most marked 
at the apex, with accentuation of the second pulmonary sound, blood pres- 
sure 110, liver enlarged, ascites, urine of specific gravity of 1 032, no albumin, 
blood or sugar 

A few days later the blood showed 8,448,000 red corpuscles and 11,600 
leukocytes 
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Under treatment with digitalis and theobromin sodium salicylate the edema 
diminished and the urine increased in amount, but before long the edema again 
increased, also the cyanosis, the heart action became irregular, and the patient 
died suddenly, March 3 

Necropsy — The postmortem showed cyanosis and edema of the legs The 
heart was enlarged, weighing 400 gm , the enlargement involving practically 
exclusively the right side, the heart muscle was normal, valves normal, and 
the coronary arteries only a little sclerotic and not narrow, the aorta was 
normal, without calcareous deposits 

There was no fluid in the pleural cavities , a few fibrous bands were present 
over the left lung and general adhesions over the right, the lungs were large, 
as in croupous pneumonia, solid and heavy, feeling like stones and sinking m 
water, the right lung weighed 2,750 gm, the left 2,130, in all 4,880 gm Placed 
on the base, the lungs stood by themselves, in consistency the substance was 
almost like wood, but not uniformly so, being apparently full of small, solid 
particles, and under the pleura here and there were small, white, flat masses of 
mineral nature The substance could be cut only with difficulty and felt like 
porous bone Passing the finger over the surface felt like rubbing it over 
sandpaper, and here and there were round or irregular concretions The dis- 
tribution of mineral matter was about the same m both lungs, perhaps a little 
more marked m the left The cut surface was peculiar, reddish-brown, with 
numerous small holes in an extensive stroma, bloody, frothy fluid exuded. 
The first impression that the lungs were free of air and compact was not 
correct, air was present everywhere, but the air-contaimng tissue was less in 
amount than the interstitial tissue with the mineral deposits Areas in the 
anterior border of the right lung and the anterior surface of the upper lobe 
contained more air than other parts of the lungs After drying a small slice of 
lung substance it had a peculiar yellow red color and a porous surface which 
felt like sandpaper and from which small calcareous granules would fall out 
In both apices, at the hilus of the lungs and in the lymph nodes in the neck, 
were small, old caseous foci The pulmonary arteries were sclerotic but not 
calcified or dilated, the pulmonary veins were normal No calcification was 
present in the larger bronchi, trachea, or larynx 

Mouth, pharynx and esophagus were normal 

The thyroid gland was rather large, weight 29 gm , parathyroid glands not 
enlarged, no traces of the thymus 

The peritoneal cavity contained 900 c c clear yellow fluid , lining smooth 

Spleen, liver and kidneys were passively congested ^ 

Microscopic Examination — Microscopically there were no changes m the 
kidneys, except that the glomeruli were quite cellular and that under the capsule 
were occasional linear infiltrations of round cells 

In the surface of the left adrenal was a small concretion 

The ovaries were small and fibrous, tubes tuberculous, containing caseous 
material and tubercles m the mucosa 

No ulcers or definite scars were found in the stomach, the mucosa of which 
was normal under the microscope 

The hypophysis, which was large and weighed 1 1 gm , appeared normal on 
microscopic section 

The spinal column, ribs, femur, sternum and cranial bones were normal so 
far as could be determined on careful gross and microscopic examination 

Frozen sections of the lungs showed numerous round and oval concretions 
in the interstitial tissue, and compression of the alveoli In decalcified section 
the concretions have a lamellated structure, concentric, there being no needle 
shaped crystals or larger masses, the clumps he in the interalveolar tissue and 
encroach on the alveolar spaces (Fig 2) The stroma is increased in amount, 
in places sclerotic, also anthracotic and infiltrated with round cells The veins 
and capillaries in the septa are dilated and there are hemorrhagic infiltrations 
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into the septa as well as into alveoli and small bronchi In places the alveoli 
appear as narrow clefts , in other places as small spaces with swollen desqua- 
mated cells, and then again as large spaces, the lungs being not totally solid 
anywhere The larger vessels and the bronchi appear normal There were no 
signs anywhere of old diffuse inflammatory processes, such as chronic bronchitis 
or pneumonia On addition of sulphuric acid to frozen sections, typical gypsum 
crystals formed , of hydrochloric acid, gas bubbles Chemical analysis 
(H Siebke) gave 78 05 per cent ash, of which 18 3 per cent consisted of 
calcium carbonate and about 80 per cent of calcium phosphate, as well as small 
quantities of iron, magnesium, etc 

The extensive lime deposits in the lung in this case, so extensive that 
it seems quite remarkable that life lasted as long as it did, do not appear 
to be duplicated by any reports in the literature either of genuine 
“metastatic” deposits or of the few cases in which there was no definite 
cause It IS noteworthy that the lungs weighed nearly six times as 



Fig 2 — Photomicrograph of decalcified section of calcareous lung between 
the large alveolar spaces numerous round, concentrically constructed calcareous 
clumps are seen 

much as normal and that on first impression they appeared to be almost 
entirely airless , the deposits were diffuse and evenly distributed 
throughout the lungs, showing that they were independent of local 
changes such as thrombi or infarcts 

For pui poses of comparison I wish to mention briefly certain cases 
of calcification of the lung which I have found in the literature These 
may be devided into two groups, ( 1 ) the metastatic, dependent on bone 
destruction, and (2) cases like the one I have described in which there 
were no indications of bone disease 

1 In addition to a number of cases of metastatic calcification, some 
of moderate degree only, described by Virchow, Kockel, Askanazy and 
others, I would mention especially the following cases The case 
described by Tschistowisch and Kollesnikoff of extensive calcium 
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metastases in the lungs and other organs associated with multiple 
myeloma, the lungs were large, very heavy, hard, dry, tlie surface 
grayish-white and rough, due to deposits in the walls of the alveoli and 
around the blood vessels Pan’s case in a patient who died from cancer 
of the uterus with bone metastases, in which there was general calcifi- 
cation of the lungs, the surface was coarsely porous, dry, grayish-white 
and rough, there being also present larger, more completely calcified 
areas And in the instance described by Wells, who mentions the cases 
just cited, of extensive calcification in the heart and lungs in a case of 
myologenous leukemia, the lungs were heavy, solid and felt sandy 

In this group probably belongs the following case, the facts in 
regard to which I obtained through the courtesy of Professor Quensel 
in Upsala and Dr Heilman 

The patient was a woman, 65 years old, who died with symptoms of intes- 
tinal obstruction and marasmus The lungs were enlarged, grayish-red and 
looked as if powdered, on removal they retained their form, were solid and 
heavy but floated in water, finger depressions remained The cut surface seemed 
as if dusted with fine sand and a grayish-red frothy fluid could be pressed out 
The heart, kidneys, liver and spleen seemed normal The mucous membrane of 
the stomach was dark red and showed numerous small depressions surrounded ^ 
by narrow, less deeply colored elevations, but whether this was due to calcifica- 
tion was not determined The intestines were normal, there was coprostasis 
The cranium was normal in form and thickness but very soft, consisting mostly 
of diploe, and both the surfaces showed irregular dark-red and grayish-white 
spots The brain and its membranes were normal 

Tlieie was here a diffuse and extensive calcification of the lungs 
and possibly also of the stomach, due most likely to a primary disease 
of the bone, as indicated by the appearance of the cranium, but the 
exact nature of this disease we do not know 

As examples of the second group, I would mention the case in which 
Virchow found grayish-white incrusted nodes as large as nuts in one 
lobe in a woman, 43 years old, with chronic pleuritis and nephritis, but 
no disease of the bones , Chian’s case m a woman, 27 years old, with 
gastric ulcer and general marasmus, half of the right lung being hard, 
grayisb-white, grating on section, microscopically, there were calcare- 
ous deposits in the wall of the alveoli and in the vessels, there were 
also a few calcareous foci in the left lung and calcification in both kid- 
neys, bones normal Hlava also found calcification in spongy form, 
of the right upper lobe, especially, in a person who died with circula- 
tory disturbances Kockel described microscopic calcification in the 
lungs in a number of cases in some of which there was heart disease , 
while Kischensky found advanced calcification in part of one lung in 
a woman with chronic nephritis, amyloid disease, but with no changes 
in the bones Here belongs also the case described by Stade, who 
found an extensive deposit of calcium salts in the lungs of a man, 



\WARY, 1918 


CALCIFICATION OF LUNGS 


145 


44 years old, who died with pneumonia and who had no changes in the 
bone system The substance of the lung was rough like sandpaper, 
solid, and microscopically the calcification was extensive 

We see that in no case of either group was there so extensive and 
complete a calcification of the lungs as in the one I have described 
Usually the calcification seems to have been rather limited, sometimes 
strictly local, but there are cases in which it was diffuse, as, for 
example, in the case described by Virchow as follows ‘'Lungs mostly 
grayish-white, resistant, especially at the borders of the lobules, calci- 
fied, cut surface porous like a sponge, with small holes, dry, rough, 
alveoli everywhere, large and wide ” The cases described by Pan, 
Stade and Wells are also characterized by extensive deposits 

In regard to the cause of calcification m the lungs, it appears that 
in most cases it may be regarded as metastatic in V irchow's sense, that 
IS, as secondary to some form of destnictive bone disease, with solution 
of the calcium salts in the bone and secondary deposition in other 
tissues In some cases the evidence of bone destruction is not definite 
In a small group, however, there is not the slightest evidence of any 
bone destruction , this would seem to be especially true in my case, in 
which several bones were carefully examined with this point in view 
In my case the kidneys were also normal, so that there is no reason to 
believe that there was any interference with calcium elimination by way 
of the urine Neither weie there any extensive changes in the stomach 
or intestines, the most important places of calcium elimination , so that 
we are without any indications that in this case diminished calcium 
excretion was the reason of the calcification in the lungs The question 
arises whether there were peculiar degenerative or dystrophic conditions 
in the lungs which would induce precipitation of calcium salt, as is 
believed is the fact in necrotic and degenerated tissue In this case 
such changes would have had to be diffuse, and there is no evidence 
that such changes were present The dyspnea and cyanosis, which were 
noticed for many years, may have been the result of the calcification , 
possibly calcification might result from chronic stasis and secondary 
nutritive changes in the walls of the alveoli, but there is no way to 
account for any primary stasis in this case, as the condition of the heart 
clearly was secondary and there was no sign of previous disease in the 
lung, such as interstitial pneumonia, on the basis of which calcification 
might have taken place The possibility that some organ with internal 
secretion was at fault must be considered — the parathyroid glands, 
the thyroid, the hypophysis, the thymus, and the ovaries There is evi- 
dence that the parathyroid glands influence calcium metabolism ; 
removal of these glands increases elimination of calcium and dis- 
turbances of ossification In osteomalacia, rickets and senile osteo- 
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porosis, tumors and other changes have been found m the parathyroid 
glands In my case, however, there were no changes in the para- 
thyroids, the thyroid, thymus, or hypophysis Whether any significance 
is to be placed on the fibrous condition of the ovaries in this case is 
indeed a question We know but little of the influence of the ovaries 
in calcium metabolism The ovaries are frequently fibrous in young 
women m whom theie are no demonstrable disturbances of calcium 
elimination or metabolism Taking it all in all, there are in this case no 
changes in the internal organs to explain the calcification in the lung 
It would seem, then, that one is driven to assume that m such cases as 
I have described there is a “constitutional anomaly” or metabolic dis- 
turbance of unknown nature, in consequence of which calcium salts are 
deposited from the blood in apparently normal tissues, and especially 
in the lungs, perhaps on account of the low acidity of the blood as it 
gives up carbon dioxid 
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Sixteen cases of auricular flutter have been observed in the Mayo 
Clinic by us during the last thirty months In the study of these cases 
a review of the liteiature revealed certain features which made it 
seem desirable to record our findings The paucity of case reports 
in the literature is ample evidence that the condition is frequently 
overlooked 

Defimhoii — Auricular flutter may be described as an acceleration 
of the auricles to a rate beyond 200 per minute^ In all reported 
cases such acceleration has been accompanied by a partial heart block, 
giving a ventricular rate of one-half, one-third or one-fourth of the 
auricular rate, or a total dissociation of rhythm (complete heart 
block) , or the degree of block may vary between the auricular beats, 
giving a gross ventricular arrhythmia The partial block is apparently 
due to the inability of the auriculoventncular bundle to conduct 
impulses so rapidly, or to the inability of the ventricle to respond so 
rapidly There is no reason to suppose that organic disease exists 
in the bundle except in those few cases (two, one our own, reported 
to date^), in which there is evident complete dissociation, and in a 
small group of ventricular bradycardias in which the auriculoventricu- 
lar bundle may at least be questioned In the paroxysmal attacks, when 
the ventricles assume the full auricular rate, we have evidence of a 
temporary increase in irritability of the ventricle or the auriculoven- 
tricular bundle 

There is no known pathologic difference between an auricular rate 
of less than 200 and one at which the rate exceeds this figure, yet the 
clinical manifestations are so different as to justify the classification 
of flutter as a clinical entity ® The fundamental clinical differences 

* Submitted for publication Sept 20, 1917 

1 Hertz, A F , and Goodhart, G W The Speed-Limit of the Human Heart 
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2 Jolly, W A and Ritchie, W T Auricular Flutter and Fibrillation Heart, 
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3 Lewis, T Observations on a Curious and Not Uncommon Form of 
Extreme Acceleration of the Auricle "Auricular Flutter” Heart, 1912-1913, 
4, 171 
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lie in the fact that flutter tends to persist indefinitely, whereas auricu- 
lar paroxysmal tachycardia rarely reaches so rapid a rate and the 
attack stops after a relatively short period In flutter the auricles 
continue their rapid rate when the ventricles are slower, while in 
auricular paroxysmal tachycardia 1-1 rhythm is always present and 
the sinus rhythm is restored between attacks 

Experimental — Auricular flutter was produced experimentally by 
MacWilham in 1887^ by mild faradization of the auricles of exposed 
animal hearts Lewis (1912-1913) observed the same condition after 
the intravenous injection of glyoxylic acid® Hirshfelder® (1908) 
produced it by ligation of the coronary arteries, and similar observa- 
tions have been made after cooling the auricles and during chloroform 
anesthesia In our laboratories, working with Kendall, we produced, 
experimentally, hyperthyroidization in the goat by a large injection 
of the thyroid active principle, alpha-iodin We have observed auric- 
ular flutter as one of the cardiac phenomena shown by practically 
continuous electrocardiographic tracings over several hours preceding 
death 

Mechanism — Flutter is caused by focus of stimuli in the wall of 
the auricular muscle at a point outside the normal pacemaker or sinus 
node (ectopic stimuli), the discharge of stimuli being at a rate so 
rapid and continuous as to submerge the sinus activity This conclu- 
sion IS based on the fact that the P wave is found to have an abnormal 
form in the clinical electrocardiogram and that m the experimental 
study the P wave approaches the normal contour as the stimulus is 
applied nearer the sinus node 

A statement of methods by which flutter can be produced in the 
laboratory will help to visualize the subject A single shock applied 
with the stimulating electrode to any point in the wall of the auricle 
causes an auricular extrasystole, providing the stimulus is applied 
when the muscle is not contracting A continued mild faradization 
applied to the same point causes similar contractions, but each contrac- 
tion IS maximal, and hence only when the muscle begins to relax, or 
pass out of the “refractory phase,” is further stimulation effective, 
then another contraction is caused by succeeding stimulus, etc In 

4 McWilham, J A Fibrillar Contraction of the Heart Jour Physiol, 
1887, 8. 296 

5 Lewis, T The Mechanism of the Heart Beat with Special Reference to 
the Clinical Pathology London, Shaw, 1911, p 311 

6 Hirschfelder, A D Contributions to the Study of Auricular Fibrillation, 
Paroxysmal Tachycardia, and the so-called Auriculo-(atrio) Ventricular Extra- 
systoles Bull Johns Hopkins Hosp , 1908, 19 , 322 

7 Kendall, E C The Isolation in Crystalline Form of the Compound Con- 
taining lodin which occurs in the Thyroid, its Chemical Nature and Physiolo- 
gical Activity Tr Assn Am Phys , 1915, 30 , 420 
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Other words, the auricle is contracting as rapidly as possible — a state 
of “flutter” during the time continuous faradization is applied 

Thus, if asphyxia is allowed to act, a visible change is found in 
auricular activity Suddenly the auricle dilates and ceases coordinate 
contraction, but each little individual muscle bundle begins to contract 
regardless of the muscle mass , that is, incoordinated contraction In 
other words, multiple foci of irritability occur throughout the auricular 
mass due to asphyxiation The dilated auricle as a whole is function- 
less It acts only as a reservoir, but close inspection reveals the fibril- 
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Fig 1 (146153) — 1 Typical auricular flutter 2 Fibrillation induced by 
digitalis 3 Normal rhythm following thyroidectomy 


lating muscle twitching which is characteristic of auricular fibrillation, 
and the total arrhythmia of the ventricular action is at once apparent 

In the human heart the irritable focus causing flutter must be the 
result of disease It cannot be too strongly emphasized that flutter, 
per se, is only objective evidence of localized irritability in the auricu- 
lar wall, and that any other organic cardiac disease may exist in the 
same heart 

It IS evident that at present no clear distinction, mechanical or 
organic, can be given as differentiating paroxysmal auricular tachycar- 
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dia from auricular flutter The difiference is largely a well-grounded 
clinical conception based on a different symptomatology The only 
objective distinction is one of auricular rate, and that a partial block 
usually exists in flutter cases 

Pathology — It is already evident that auricular flutter is not a 
pathologic entity, for we often see auricular extrasystoles, flutter fibril- 
lation and a sinus rhythm in a single case within a relatively short 
time The literature contains only six necropsy reports in unques- 
tioned cases, our series contains two others Ritchie® has reported a 
lymphocytic infiltration of the epicardium, most marked in the region 
of the sinus node , and he thinks this may have depressed tunus activ- 
ity The cases of Gulland and Mackenzie,® and Hume’s^® first case 
add nothing significant to these findings The pathologic findings are 
at present unimportant, since so little has been recorded 

The irritable auricular focus is the essential feature, and our^ study 
must include all causes of localized injury or irritability to heart 
muscle Such causes may be classified under three heads (1) infec- 
tions causing localized injury, (2) general and local myocardial degen- 
eration from any cause, as hypertension, valvular disease, goiter, etc , 
and (3) localized malnutrition of the auricular wall as in coronary 
sclerosis, etc 

We do not know why in certain cases a localized injury should be 
selected from more extensive myocardial damage to become a source 
of irritation, and to send forth such rapid impulses as to submerge the 
sinus rate and establish flutter That such functional pathology exists, 
however, is evident 

We have no evidence that flutter can be purely of neurogenic 
origin In all the reported cases and in our own cases there was either 
objective evidence of other cardiac damage or a history indicating 
infectious, toxic, myocardial or coronary etiology 

Etiology — Auricular flutter occurs four times as often in men as 
in women, counting the reported cases and our own The average age 
of the patients was 47 years, the youngest 6 years and the oldest 82 
years The condition is most frequent between the ages of 40 and 60 
years, but in our series more cases^ occurred between 30 and 40 years 
of age 


8 Ritchie, W T Further Observations on Auricular Flutter Quart Jour 
Med, 1913-1914, 7, 1 

9 Mackenzie, J Diseases of the Heart Ed 3, London, 1913, p 105 

10 Hume, WE A Polygraphic Study of Four Cases of Diphtheria with a 
Pathological Examination of Three Cases Heart, 1913, 1914, 5, 25. 
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Our cases at once call attention to an etiology of infection, since 
antecedent diseases of probable streptococcic origin were noted with 
remarkable frequency, namely, 1 rheumatic fever, 5 tonsillitis, 6 bad 
teeth, 6 “grippe,” 2 pneumonia In 3 cases the patient dated his 
symptoms from one of these infections All the patients in our series 
ga\e histones of one or more of the foregoing diseases In 59 
reported cases there is little data on this phase of the subject, but when 
given, the streptococcus group predominates , thirteen histone's of rheu- 
matic fever are recorded V enereal disease plays no evident part 



Fig 2 (161186) — Auricular flutter with heart block, auricular rate 260, 
ventricular rate 43 


None of our patients was syphilitic, though three cases are noted in 
the literature^" We noted four histones of typhoid fever, other 
reports contained one case 

Exophthalmic goiter was definite in four of our cases and was 
believed to be the probable etiologic factor One other such case is 
reported Mitral disease was observed in but one of our sixteen 

11 Mathewson, G D A Case of Auricular Flutter Edinburgh Med Jour , 
1913, 11 , 500 Ritchie, W T Further Observations on Auricular Flutter 
Quart Jour Med , 1913-1914, 7 , 1 Gunson, E B Auricular Flutter Followed 
by Paroxysmal Auricular Fibrillation Lancet, London, 1914, 2, 151 Levine, 
S A, and Frothingham, Jr, C A Study of a Case of Auricular Flutter The 
Archives Int Med , 1915, 16 , 818 Neuhof, S Auricular Flutter Accompany- 
ing Acute Endopencarditis Med Rec, New York, 1915, 88, 995 -Tallman, 
M H Auricular Flutter Northwest Med , 1916, 15 , 145 Sutherland, G A 
Auricular Flutter m Acute Rheumatic Carditis Brit Jour Child Dis , 1914, 
11 , 337 Ritchie, W T Auricular Flutter Edinburgh, Green, 1914, p 33 
Mackenzie, J Diseases of the Heart Ed 3, London, 1913 Appendix, Cases 
68 and 69 Quoted by Ritchie, Footnote 14 

12 Gunson, E B Auricular Flutter Followed by Paroxysmal Auricular 
Fibrillation Lancet, London, 1914, 2, 151 Ritchie, W T Auricular Flutter 
Edinburgh, Green, 1914, p 33 Cowan, J Diseases of the Heart London, 
Arnold, 1914, p 205 

13 Tallman, M H Auricular Flutter Northwest Med, 1916, 15 , 145 

14 Ritchie, W T Auricular Flutter Edinburgh, Green, 1914, p 33 
Sutherland, G A Auricular Flutter in Acute Rheumatic Carditis Bnt Jour 
Child Dis , 1914, 11 , 337 
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patients, though the literature^'** ^ reports ten cases of stenotic or double 
mitral lesions 

Relative Incidence — We examined electrocardiographically 3,500 
patients and observed 16 auricular flutter records There were 363 
patients ivith auricular fibrillation, 160 showing auricular extrasys- 
toles, 316 showing ventricular extrasystoles and 5 auricular paroxysmal 
tachycardia These figures are doubtless far from a fair average, 
because we examined a great number of patients suffering from toxic 
goiter (both hyperplastic and nonhyperplastic) and fibrillation is very 
common in such cases The proportion of 16 flutters to 363 fibrilla- 
tions IS probably a fair average 



Fig 3 (158953) — 1 2-1 flutter, auricular rate 316, ventricular rate 158 
2 Fibrillation induced by digitalis 

Symptoms — The symptoms of the condition depend essentially on 
the ventricular rate and the cardiac compensation The symptoms do 
not depend on the auricular rate alone, for the auricles may be found 
at 320 and the patient may not be aware of serious trouble, or the 
auricles may be dilated and functionally inactive (fibrillation) yet with 
good cardiac compensation and with little or no discomfort Symptoms 
are further confused by disease to which the flutter is incidehtal or 
terminal, as in mitral disease, arteriosclerosis or chronic nephritis In 

15 Lewis, T Observations on a Curious and Not Uncommon Form of 
Extreme Acceleration of the Auricle “Auricular Flutter ’’ Heart, 1912-1913, 
4 , 171 Mackenzie, J Diseases of the Heart Ed 3, London, 1913, p 105 
Ritchie, W T Auricular Flutter Edinburgh, Green, 1914, p 33 Rihl, J 
Klimsche Beobachtungen uber atnoventriculare Automatie mit Bradykardie 
Ztschr f exper Path u Therap , 1911, 9 » 496 Gibson, G A A Discussion 
on Some Aspects of Heart Block Bnt Med Jour , 1906, 2 , 1113 
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such cases fluttei is cleaily a manifestation of serious nutritional 
disturbance in the aunculai wall and should be legaided only as a 
symptom worthy of lelief 

Fluttei cases may be conveniently classified as paroxysmal or 
chronic depending on the duiation of the disordei We use the term 
“])arox 3 smal” in cases in wdiich the normal rhythm is restored betw^een 
attacks lasting a few^ hours or days and “chronic” wdien the condition 
tends to persist 

Paroxysmal flutter is not clearly defined fioni auricular parox 3 ^smal 
tachycardia, as befoie mentioned We have observed it onl 3 ^ as a 
disordei incidental to eMdent myocaidial disease, it is seiious because 
of the great strain on the myocardium Shoit paroxysms of flutter 
occiii in whith the auricular late is betw'een 200 and 380 and the \en- 



Fig 4 (187575) — 1 2-1 flutter' aunculai late 224, ventnculai rate 112 
2 Paroxysm of 1-1 flutter, late 232 


triculai rate bears a definite or indeftnite ratio to the auricular The 
attack gives symptoms of cardiac embarrassment varying in degree 
W'lth the cardiac compensation and the length of the attack Palpita- 
tion, tachycaidia, flushing, breathlessness, w'eakness, flatulence, pallor, 
vertigo, polyuria, faintness and syncope come on as the attack pro- 
gresses, though sudden relief ma 3 '- come at any time from cessation 
of the attack We have seen, alternately, attacks of flutter and fibril- 
lation in the same patient 

Chronic flutter should aUvays be lecogmzed, for it can usually be 
relieved The flutter lasts for long periods, for weeks or even years, 
and can be detected by proper tracings at any time during its course 
The ordinary auiiculoventiicular ratio is 2-1 and the pulse is usually 
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100 to 180, but any degree of block may exist The pulse, therefore, 
may vary from idioventricular rhythm, 32, to the full auricular 
rate, 320 

The most constant symptoms in our cases have been persistent and 
obscure tachycaria and weakness Most of the patients are subject to 
'Sveak spells” — violent paroxysmal attacks of tachycardia with acute 
cardiac insufficiency brought on usually by exertion and by stopping 
suddenly In such paroxysms the ventricles assume or approximate 
the auricular rate Certain patients have described it as “a feeling 
like a bird fluttering in the chest,” which is probably a fairly charac- 
teristic, sensation An occasional patient is very little inconvenienced 
by the paroxysm and in such instances the trouble is most likely to be 
overlooked 
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Fig 5 (168507) — 1 4-1 flutter 2 Fibrillation with complete heart block 
under digitalis 


Objectively, the heart may be noimal except for weak sounds and 
a tick-tack rhythm Usually there is a tachycardia more or less 
marked, and often there is mitral stenosis In one half of our cases 
the pulse has been regular and in the others markedly irregular, owing 
to regular or irregular conduction through the aunculoventncular 
bundle Rapid, regular venous pulsation in the neck is indicative of 
the disoi der , and any patient more than 30 years of age with a tachy- 
cardia unaccounted for, and particularly if he is subject to “weak 
spells,” should be under suspicion 

Fagal Piessuie — In certain cases vagal pressure will promptly 
reduce the ventricular rate by increasing the degree of block, but 
the auricular rate is not affected by this procedure, contrasting sharply 
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with the cases of auricular tachycaidia in which sinus rhythm is sud- 
denly restored b}’- vagal pressure The slowing of the ventricle is but 
transitory, and is recognized as due to increasing the degree of block 
temporarily by causing Aagal depression of the auiiculoventricular 
bundle 

The diagnosis rests finally on graphic tracings, and we believe the 
electrocardiograph to be far the most satisfactory While we disclaim 
expert knowledge of the polygraph, u e feel sure that the findings with 
this instrument may easily be misintei preted and are not invariably 
conclusive 

SUMMARY or CASES 

Following IS a brief summaiy emphasizing the interesting features 
in our cases 
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Fig 6 (92324) — 1 Auricular flutter, auricular rate 292, ventricular rate 146 
2 Fibrillation induced by digitalis, rate about 120 

Case 119641 — A man, aged 39, came for examination Nov 24, 1914 He 
had suffered with hay-fever for years, and with asthma during the past year 
He came to the clinic during a paroxysm of tachycardia which had existed for 
two days The pulse was 212 constantly, with marked evidence of cardiac 
embarrassment These attacks had occurred twice within the year and had 
lasted SIX and eight days, beginning and terminating abruptly He was unable 
to retain any medicine, and in spite of the treatment died on the fifth day of 
his attack, three days after his arrival Before death the heart was greatly 
dilated and the pulse varied instantly from slow to rapid rhythm No tracings 
were possible after the first day No valvular lesion was demonstrated clinically 
or pathologically 

Case 142236 — A man, aged 55, was admitted to the clinic Sept 28, 1915 The 
patient had been subject to “grippe,” and five years before coming for examina- 
tion had noticed dyspnea and spells of syncope with sudden onset He would 
fall whenever and wherever the spells came on At this time he rested six 
weeks and improved One year later (July, 1913) he had another attack which 
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lasted SIX weeks and which necessitated two weeks in bed April, 1914, another 
attack lasted a month, after which his health was good until July 7, 1915, when 
a sudden attack came on while he was eating supper This had persisted since 
with violent attacks of syncope During the first examination in the clinic the 
patient suddenly went into collapse He became cyanotic, pulseless and uncon- 
scious , there was extreme pallor and cold sweat Death seemed imminent, when 
the idea of vagal pressure suddenly occurred to one of us Pressure on the 
right Vagus suddenlv reduced the pulse rate (see cardiograms of similar pressure 
m another attack) to about 55, with prompt recovery of consciousness Fibril- 
lation was induced three times during two months by digitalis therapy, only to 
have the flutter recur after its discontinuance The patient’s fortitude in 
attempting a fourth course of treatment was rewarded by a return to a sinus 
rhythm on Christmas eve, and eighteen months later he reported that he was 
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Fig 7 (145990) — 1 Auricular flutter, 2-1 rhythm, auricular rate 340, ven- 
tricular rate 170 2 Fibrillation induced by digitalis 3 Sinus rhythm following 

thyroidectomy, rate 92 

doing light farm work The heart was normal objectively between attacks 
except for occasional auricular extrasystoles 

Case 142802 — A woman, aged 32, was admitted to the clinic Oct 6, 1915 
She had had repeated tonsillitis and a probable exophthalmic goiter She came 
for relief from biliary colic For several months she had been conscious of a 
“fluttering heart” and had had several spells of'violent palpitation, usually follow- 
ing exertion Electrocardiograms showed a 320-160 rate ordinarily While 
under observation she came into the office with a ventricular rate of 320 (counted 
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bj stethoscope) during a paioxysmal attack lasting nearly two hours She had 
walked st\eral blocks to the office and was not sufficiently inconvenienced dur- 
ing the first liour to make complaint The lapidity was discovered on examina- 
tion, when the ^entrlcular latc w'as found to have fallen to 300 She w'alked 
up one flight of stairs for a cai diographic examination during the attack, which 
stopped suddenly while the examination was m piogicss and the usual 2-1 
rh>thm was reestablished This case is unique in that it is the fastest human 



Fig 8 (142236) — 1 Parox>sm of 1-1 flutter with 45 second intervals between 
the three strips , rate 224 , pressure applied to right vagus indicated by arrow 
at beginning of second strip, 2-1 flutter established within a few seconds, as 
indicated in third strip 2 Fibrillation induced by digitalis, rate, 88 3 Sinus 

rhythm restored , rate 71 , definite abnormal auricular rate 
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ventricular rate yet recorded The patient said she had suffered from such 
attacks repeatedly and that the present attack -was milder than many of the 
others 

Under digitalis medication fibrillation was induced but on its withdrawal 
flutter returned A second trial resulted similarly, a third attempt was made, 
and the patient while fibrillatmg was referred for cholecystectomy, which was 
successfully accomplished A sinus rhythm was established some days later 
(rate 120) and persisted for four months, until the flutter returned following 
heavy work cleaning house We obtained further tracings May 1, 1916, show- 
ing flutter, but the patient could not remain for treatment 

This case had been diagnosed as exophthalmic goiter before the patient came 
to us and she was anxious to have a thyroidectomy We wished to defer opera- 
tion on account of the heart condition and the questionable diagnosis of hyper- 
thyroidism, and thyroidectomy was performed elsewhere (November, 1916) 
Pathologic examination of the tissue, which the surgeon kindly sent to us, showed 
the typical hyperplastic changes of exophthalmic goiter The patient reports a 
pulse practically normal and health restored since operation 

Case 145990 — A woman, aged 41, came for examination March 21, 1916 
The patient had had tonsillitis repeatedlj"^ She had had the classical symptoms 



Fig 9 (130119) — Auricular flutter, auricular rate 300, ventricular rate 150 

of exophthalmic goiter for four years Three months previously ligations had 
been done m the clinic No cardiac disorder was then suspected On returning 
for thyroidectomy she was prostrated by a prolonged paroxysm of tachycardia 
The cardiogram revealed flutter She was treated with digitalis, and thyroidec- 
tomy was done while the heart was fibrillatmg Sinus rhythm was restored 
soon after operation She gave the interesting history of a prolonged paroxysm 
of tachycardia the year before, during which syncope was so complete that she v 
was thought to be dead Aug 10, 1917, the patient reported marked improve- 
ment m general health and no more spells of tachycardia 

Case 146153 — A man, aged 26, entered the clinic March 18, 1916 There was 
no history of previous infections, except typhoid m 1912 The tonsils appeared 
large and unhealthy Classical exophthalmic goiter with symptoms had existed 
for nine years , relatively mild symptoms until the last two years He had had 
three spells of vomiting and prostration, probably due to flutter The heart 
action had been irregular and rapid but no record was taken before the ligations 
' were done here Nov 26, 1915 At the present examination the cardiogram 
showed typical auricular flutter Heavy digitalis medication, 29 c c in ten days, 
brought on fibrillation Thyroidectomy was performed April 10, 1917, and 
sinus rhythm was restored shortly after The patient reports Aug 7, 1917, “I 
have forgotten all about my heart” 

Case 168507 — A man, aged 43, was examined Aug 9, 1916 The patient 
gave a history of typhoid and he was subject to tonsillitis He came to the 
clinic because of recurrent attacks of appendicitis He appeared healthy A 
cardiographic examination was made on account of the irregular pulse After 
discovering the flutter we elicited a good history of sudden attacks of mild 





Fig 10 (195883) — 1 Auricular flutter, 2-1 rhythm The top five strips are 
continuous tracings cut for reproduction Pressure applied at point indicated 
by interruption of light, cessation of ventricular action 4 5 seconds in third 
strip on release of pressure, series of ventricular extrasystoles as shown in 
fifth strip before resumption of normal rhythm 2 Lowest strip shows fibrilla- 
tion under digitalis 
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syncope with rapid heart action, brought on by marked exertion during the 
previous five years Mild chronic dyspnea was also admitted The patient was 
treated thirty days, taking 100 cc of digitol before complete heart block and 
fibrillation were induced He left us then, but he has reported through his 
brother (Aug 12, 1917) that he feels well The appendix has not been removed 

Case 158953 — A man, aged 61, was examined May 5, 1916 Twelve months 
before admission, following grippe and mumps, the patient had had “nervous 
prostration,” chief symptoms, nervousness, weakness and palpitation His physi- 
cian told him the rapid pulse was due to “nervousness ” November, 1915, there 
was again a sudden onset of rapid heart and weakness which has persisted to 
date He had “weak spells” and was dizry With rapidity of the heart hoarse- 
ness was noticed He was treated with 69 c c digitalis twenty-three days before 
the onset of fibrillation Flutter recurred and the ti eatment was again instituted 
for A few dajs until the onset of fibrillation A few days later there was a 
second recurrence of flutter and again fibrillation was induced by digitalis 
Tonsillectomj was performed July 10 without incident The patient continued 



Fig 11 (192392) — 1 Auricular flutter with complete heart block, 5-1 rhythm 

2 Complete heart block 

fibrillation without cardiac symptoms up to the last report From subjective 
sensations he was able to say accurately whether flutter or fibi illation was 
present No evidence of cardiac hj'pertrophy or valvular disease was obtainable 
at any time 

Case 161186 — A man, aged 75, a feeble, stiff, fat old man with marked 
sclerosis of the peripheral vessels and evident cardiac insufficiency, was exam- 
ined May 31, 1916 He dated rheumatic s3'mptoms back to rheumatic fever twelve 

3 ears and four years previously Dropsy had been noted for a 3 ear but not 
much dyspnea or palpitation, probably because the rheumatism made exertion 
difficult Blood pressure 170-82 and pulse varying from 44 to 68, indicating 
impaired auriculoventricular conduction There was no valvular disease evident 
and the heart was not definitely large Treatment by rest and digitalis at home 
was recommended 

Case 92324 — A woman, aged 39, was admitted for examination July 12, 1916 
Definite exophthalmic goiter , ligation performed in the clinic, October, 1913 
At this time the pulse was regular, 95 to 118, and the heart greatly dilated 
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Thyi oideclomy was performed, February, 1914, after marked improvement in 
the heart condition The patient returned the second time for observation All 
of the previous winter she suffeied from frequent colds and giippe There was 
no historj of sjncope The first cardiogram taken showed flutter with 2-1 
rhjthm ventricular rate 196 Fibrillation was readily brought on with digitalis 
and continued during fifty-siK da\s of observation 

C\sr 130119 — A man, aged 52, evas admitted for examination Feb 17, 1917 
The patient had been operated on in the clinic, May 6. 1915, under local anes- 
thesia for a small cjst of the tongue, but no general examination had been 
made at that time Ihe patient was veiy obese, with evident marked cardiac 



fibrillation induced by digitalis 4 Sinus tachycai dia , rate 130 following chole- 
cystectomj and tonsillectomy This patient was operated on subsequently else- 
where for exophthalmic goiter four months following and at present reports 
normal heart action and pulse rale 

insufficiency, and the roentgen ray showed diffuse dilatation of the aorta and the 
heart greatly enlarged Dyspnea had been noted twelve years, but marked 
cardiac insufficiency followed grippe last fall The cardiogram showed flutter 
The patient died suddenly on the fourth day* in a coughing attack Necropsj^ 
revealed a fatty, dilated heart, and fatty sclerosis and dilatation of the aorta 
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Case 195883 — A woman, aged 43, was admitted for examination July 1, 1917 
The patient was subject to grippe She had had ten children The rapid heart 
action had been first noticed fourteen years previously during pregnancy There 
had been palpitation since on exertion, and last year there were repeated spells 
of very rapid heart action with palpitation Objectively the patient showed 
marked tachycardia (192) Pressure on the right vagus immediately slowed 
the pulse to about 60 , releasing the pressure permitted the pulse go back to 192 
She was treated with large doses of digitalis, and fibrillation was brought on in 
a few days Fibrillation continued since A slower pulse is definite evidence 
of double mitral lesion 

Case 187575 — A man, aged 45, was admitted for examination March 8, 1917 
He had had typhoid twenty-seven years previously For two years he had been 
subject to attacks of dyspnea and pain in the precordium radiating to the epigas- 
trium Worse attacks lasted one-half hour, causing complete incapacity The 
heart enlarged objectively but no valvular defect was noted The electrocardio- 
gram showed typical flutter, auricles 224, ventricles 112 The second examina- 
tion showed ventricles 224, and a 1-1 rhythm The patient was unable to remain 
for treatment 

Case 192392 — A man, aged 37, was admitted for examination Aug 25, 1917 
He gave a history of a questionable sore on the penis at the age of 17, but we 
were unable to establish syphilis on a most searching investigation Apparently 
the man was strong and healthy There had been mild dyspnea on exertion for 
two years, but no definite attacks A month previously a sudden syncope 
followed very heavy lifting and the “right arm went dead for a little while” 
The heart W'as oDjectively negative except for a slow pulse (46) The electro- 
cardiogram showed flutter, auricles 225 and ventricles 46 To rule out syphilis a 
therapeutic test was given, with no result after three weeks of treatment 
Digitalis was started and the next morning a second cardiogram showed a sinus 
rhythm with complete disassoCiation of ventricles (46) and auricles (72) The 
digitalis was stopped at once The condition had persisted since (three months) 
No further medication was used except potassium lodid for empirical reasons 
The patient suffered no subjective inconvenience and had no evidences of a 
Stokes-Adams syndrome 

Case 145519 — A thin, asthenic woman, aged 30, was admitted for examina- 
tion Aug 2, 1917 Following pneumonia five years previously she had suffered 
with repeated weak spells associated with rapid heart action The pulse was 
always rapid, and at the examination averaged 133 Electrocardiogram showed 
auricular flutter, auricles 266, ventricles 133 This patient is to return for 
treatment 

Case 204974 — A man, aged 37, was admitted for examination Aug 17, 1917 
The patient had been asthmatic all his life, but we were unable to elicit a history 
of previous infection He was a laborer and looked robust The heart had 
been very rapid for three years when at work, but there was no history of 
weak spells He was prepared for a cardiogram on account of irregular pulse 
Auricles 258 Ventricles 172 This patient is to return for treatment 

Case 203875 — A thm man, aged 52, was admitted for examination Aug 6, 
1917 He was subject to colds Eight years previously he had an attack called 
“bilious” for three weeks The muscles were contracted and there was debility 
and weakness with sudden onset Morphin relieved the attack Since then 
repeated lighter “bilious spells” occurred and morphin was given to prevent the 
spasm These attacks occurred at intervals of weeks or months Podophyllum 
or morphin relieved the attackst There was mild chronic dyspnea and the 
electrocardiogram showed flutter The patient continued under treatment 



Fig 13 (203875) — 1 Paroxysm of auricular flutter showing ventricular rate 
of 120 2 Twenty-six days later showing auricular fibrillation after heavy digi- 

talis dosage 3 Sinus rhythm five days later 


/ 
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Tieatment and Results — As Lewis has shown, digitalis has proved 
to be the sovereign remedy in cases of flutter We have used the drug 
in large doses, and have treated ten patients, not counting the two who 
were moribund and who died before any effect of medication was pos- 
sible Two patients (Cases 161186 and 192392) were not treated for 
obMous reasons, and two (Cases 204974 and 187575) were unable to 
stay for treatment 

The amounts of digitalis admmisteied and a summary of Ihe 
results are given in the accompanying table All the patients were in 
the hospital at complete rest during the digitalis medication Digitalis 
broke the flutter in all ten patients, and four finally lesumed and held 
a noimal ihythm The otheis were markedly improved subjectively 
by the onset of fibrillation 


Table Showing Amounts of Digitaiis Given and Summarv of Results 


Case 

Onset of 

ribnlHlion 

Onset of Tomc 1 fleets 

Bus j 

Amount, C c 

1 

DaiB 

Amount, 0 e 

112236 

75 1 

1 280 

51 

185 

142S02 

42 

220 

26 

180 

iloqyo 

1 

60 

[ 

94 

0 

0 

146153 

8 

29 

0 

0 

15895(4 

51 

100 

72 

70 

922324 

: 4 

12 

0 

0 

168507 

1 C3 

100 

0 

0 

193833 

10 

1 

51 

0 

0 

203875 

i 

190 

22 

190 


The most important point m the tieatment is to use enough digitalis 
We ha^e run up the dose lapidly to the physiologic toleiance of the 
patient Our maximum dosage was 10 5 c c daily for ten da}'S before 
toxic effects were evident We have seen no bad results from such 
massive dosage except the temporary toxic symptoms^ and we feel sure 
that most patients require massive dosage to obtain the desired lesult 
Further, ue have found better results from pushing the drug to physi- 
ologic complete block if the patient tolerates it to this point, that is, 
far beyond the point of fibrillation in most instances In all oui 
patients \\e have produced marked poisoning before discontinuing the 
drug In the four cured patients we repeatedly had the fibrillation 
break back to a flutter until digitalis poisoning was produced 

The after-treatment is important We discontinue medication for 
cured patients, but have advised in fibnllating cases that digitalis be 
used, if necessary, to keep the pulse averaging below 80 when at rest 
The usual general advice to cardiopaths should always be emphasized 
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Opel ability — One operation is leported in the literature — a death 
on the table under chloroform anesthesia attributed to flutter We 
believe that if surgical treatment is indicated, particulaily the removal 
of a probable souice of infection or toxemia, the risk should be 
accepted All operations have been performed after inducing fibi illa- 
tion by digitalis and while the patient was under medication We have 
been careful not to have atropin admimsteied before operation, since 
this would temporarily abolish the vagus stimulation of the digitalis 

Three of oui patients had exophthalmic goiter, and in two of these 
sinus rhythm and apparently normal health were regained after thy- 
roidectomy The third nas a bad cardiopath, but sinus rhythm was 
restored, though the patient still has some symptoms of cardiac 
insufiiciency 

Removal of the tonsils seemed advisable in cases in which there 
was evident focal infection, and this was done in two instances One 
patient improved greatly, the other is subjectively cured Cholecystec- 
tomy was done in one case 


SUMMARY 

Auriculai flutter occuis as a mechanical disordei in certain dis- 
eased heaits, and in oui expeiience has been most frequently associated 
with exophthalmic goitci 

The paroxysmal attacks noted in fourteen of our sixteen cases are 
dangeious to health and ev'en to life Two patients died in such 
attacks and two othcis appealed so neaily dead as to deceive compe- 
tent obseivcrs The patient with flutter is always in danger of such 
attacks He should always have the disoider ai rested as soon as pos- 
sible after its discovery 

In our expel lence efflcicnt treatment may be relied on to cause the 
onset of fibrillation and gieatly to lelieve the patient None of our 
patients is known to hav e had a lecurrence of flutter after his dismissal 

Three patients were operated on under ethei anesthesia foi exoph- 
thalmic goiter after fibrillation was established, and one of these and 
one other have had tonsillectomies (local anesthesia) performed with- 
out incident Cholecystectomy has been pei formed iii one case 

All of the ten tieated patients are alive and much improved or 
cured wnth treatment Five repoit that they cannot detect any cardiac 
symptoms 
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HEART-BLOCK 

I TWO CASES OF COMPLETE HEART-BLOCK SHOWING 
UNUSUAL FEATURES 

FRANK N WILSON, MD, and G CANBY ROBINSON, MD 

ST LOUIS 

The following two cases of complete heart-block are considered 
worthy of report because of several unusual features shown by electro- 
cardiograms 

REPORT OF CASES 

Case 1 — Mrs E P , an American housewife, aged 39, had been under obser- 
vation in the Washington University Dispensary for two years She first came 
to the dispensary because of various g 3 mecologic complaints associated with 
retroversion of the uterus At that time it was found that she had an unusu- 
ally slow pulse rate, and electrocardiograms revealed the presence of complete 
heart-block This condition had been constantly present since, but in spite of 
this fact she had had no cardiac symptoms aside from slight dyspnea on 
exertion She had never had a syncopal attack Physical examination of her 
heart had constantly shown moderate enlargement of the cardiac dulness, the 
presence of dn apical systolic murmur transmitted to the axilla, and a faint 
aortic systolic murmur poorly transmitted The patient’s past history revealed 
no infections which might account for the cardiac condition aside from fre- 
quent attacks of tonsillitis during childhood The Wassermann reaction was 
negative When she was 19 years old, she was told by a physician that her 
pulse rate was only about one half the normal, so that it seems likely that the 
heart-block had been present for at least twenty years 

Case 2 — Mr M R , a German cigarmaker, had been under observation in 
the Barnes Hospital and the Washington University Dispensary since March 
31, 1917 He presented himself on that date complaining of syncopal attacks, 
vertigo, and dyspnea on exertion During the previous seven weeks he had 
had five syncopal attacks of short duration, all of which came on without 
warning and without any apparent exciting factor None of these attacks fol- 
lowed exertion Between attacks he was troubled by vertigo on turning quickly 
and by dyspnea on exertion Physical examination revealed moderate enlarge- 
ment of the cardiac dulness and a faint systolic murmur was heard over the 
whole precordium The heart was beating regularly at the rate of 36 per 
minute There was a moderate arteriosclerosis Electrocardiograms showed 
the presence of complete heart-block The past history and the laboratory 
findings, including the Wassermann reaction, were negative 

DISTURBANCES OF AURICULAR ACTIVITY 

The electrocardiograms revealed a tendency in both patients for 

those interauricular periods during which a ventricular systole occurred 

to be shorter than those which followed them (Figs 1 and 2) This 
\ 

* Submitted for publication Sept 1, 1917 

*From the Department of Internal Medicine, Washington University- Medi- 
cal School 
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Fig 1 (Case 1 Lead 11) — Complete heart-block Atropin produced an 
acceleration of both the auricular and ventricular rales and caused t le auricular 
arrhythmia to disappear 



Fig 2 (Case 2) — The usual cardiac mechanism Complete heart-block, 
auricular rate 66 8, ventricular rate 33 4 Those auricular periods which con- 
tain a ventricular contraction are shorter than the others 




168 F N WILSON— G C ROBINSON arch ir 

/ 

tendency was observed only when the auricular rate was comparatively 
slow, It was not definitely present when the auricular rate was lapidj 
as after exercise or after the administration of atropm (Fig 1) This 
type of auricular arrhythmia has been previously described by Hecht,^ 
who observed it m a case of complete heart-block in a child This 
author offers no explanation for its occurrence Erlanger and Black- 
man- have described a similar auricular airhythmia m experimental 
heart-block They found that each ventricular systole produced a 
marked slowing of the auricular rate In marked instances this slow- 
ing was so great that only one auiicular beat occuried during each 
interventricular period , when several auricular beats occurred between 
two consecutive ventricular beats, the first interauncular interval was 
long and the following auricular peiiods became gradually shorter 
Erlanger and Blackman ascribed this type of auricular arrhythmia to 



— > L a 


Fig 3 (Case 2) — Ectopic auricular beats represented by inverted auricular 
complexes occur when an auricular contraction is due shortly after the begin- 
ning of ventricular systole 


rhythmical “variations m vagal tone, vagus inhibition increasing with 
each arterial pulse and diminishing again between pulses ” It is quite 
possible that the auricular arrhythnaia observed in our patients was the 
result of a similar mechanism Tllfc' absence of the arrhythmia when 
the heart rate was fast after exercise and after atropm (Fig 1) lends 
support to the view that it was dependent on vagus activity 

The occurrence of another type of auricular disturbance in one of 
our patients leads us to believe, however, that another explanation of 
this arrhythmia is possible In Case 2 a peculiar type of ectopic beats 
frequently occurred These beats are represented in the electrocardio- 
grams (Fig 3) by inverted auricular complexes (in Leads II and III) 


1 Hecht, A F Ergebn d inn Med u Kinderh , 1913, 11 , 324 

2 Erlanger and Blackman Heart, 1909-1910, 1 , 177 
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occurring from 0 20 to 0 34 second after the beginning of the QRS 
group of the ventiicular complex These abnormal auricular com- 
plexes appear only when a normal P wave is almost due at this point 
They bear, therefore, a fairly constant lelationship to both auricular 
and ventricular systoles They differ from ordinary extrasystoles m 
this respect, and also because they occur so very late in auricular 
diastole On the other hand, it is impossible to believe that they repre- 
sent 1 etrograde aui iculai contractions, which they somewhat resemble, 
because of the presence of complete heart-block Similar ectopic beats 
have been observed in a case of complete and incomplete heart-block 
by Cohn and Fraser," and these authors mention their occurience in a 
case of complete heart-block studied by Parkinson They attribute 
their occurrence to the mechanical effect of ventricular systole on some 
ectopic auricular center In our case, as well as in that described by 
Cohn and Frasei, the foim of the abnormal complexes indicates that 
this center was situated in each case, in the lower auricular or upper 
junctional tissues, and it seems likely that it was located in the special- 
ized tissues to be found in that region We must assume that ven- 
tiicular systole hastened the discharge of the stimulus m this center, 
and it seems possible that a similar effect of ventricular systole on the 
ordinary auiicular pacemaker may account for the auricular arrhythmia 
discussed in the foregoing A careful study of the electrocardiograms 
has not enabled us to decide with confidence between this explanation 
and the one advanced by Erlanger and Blackman, which was mentioned 
previously 

The effect of ventricular systole on the auricular period may 
explain another interesting phenomenon observ^ed in both patients It 
sometimes happened — frequently and for long peiiods in Case 2, less 
frequently and for shorter peiiods in Case 1 — that the auricular rate 
was exactly twice the ventricular Whenever this occurred, the rela- 
tionship of the auricular contractions was always nearly the same, and 
was of such a nature that every alternate auricular complex fell on the 
T wave It can be easily understood that this relationship might be 
brought about by a tendency for ventricular systole to bring about an 
auricular contraction at this point This relationship between the posi- 
tions of auricular and ventricular contractions, when the auricular rate 
IS an exact multiple of the ventricular, may lead to the diagnosis of 
partial block when complete block is really present This fact has also 
been noted by Erlanger ^ It is only when the ratio of auiicular rate to 
ventricular rate is disturbed by exertion, or some other factor, that the 
true cardiac mechanism becomes evident 


3 Cohn and Fraser Heart, 1914, 5, 141 

4 Erlanger Personal communication 
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In Case 1 an entirely different type of auricular disturbance was 
observed This disturbance consisted in a very marked change in the 
form of the P wave m the third lead The usual form of the P wave 
m this lead is shown m the first six cycles of Figure 4 In the seventh 
cycle of this figure the P wave becomes very much larger and broader 
This change m the form of the P wave was observed m this patient on 
two occasions Each time it was accompanied by a definite increase in 
the auricular rate We have observed similar changes in the form of 
the P wave m other patients and m normal individuals, they are 
usually accompanied by a change m rate and are usually most marked 
m Lead III We believe that they are due to changes in the location 
of the pacemaker within the smo-auncular node, similar to the change 
in location of the pacemaker within this node which has been shown 
to occur in the experimental animal under the influence of vagii': 
stimulation “ 
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Fig 4 (Case 1) — A spontaneous change in the form of the P wav/ accom- 
panied by an increase in auricular rate 

THE VAGI AND THE IDIOVENTRICULAR RATE 

There has been considerable discussion in the past as to whether the 
vagi exert any chronotropic influence on the independently beating 
mammalian ventricles The question has been repeatedly investigated 
both experimentally and clinically As a result of the clinical investi- 
gations, it has been well established that in the majority of the cases of 
complete heart-block, pressure on the vagus nerves in the neck and the 
administration of atropin do not produce any change in the ventricular 
rate In a few cases, however, the administration of atropin has pro- 
duced a definite ventricular acceleration Such cases have been 
reported by Hecht^ and by Hart ® 

Vagus pressure and atropin experiments were carried out on each 
of our patients Pressure on the vagi m the neck failed to affect the 
ventricular rate in either The subcutaneous administration of one- 

5 Lewis, Meakms and White Phil Tr Roy Soc , London, Series B, 1914, 
205, 375 

6 Hart, T S Am Jour Med Sc, 1915, 149, 62 




INUARY, 1918 


HEART-BLOCK 


171 


fiftieth gram of atiopm in Case 1 increased the auricular rate from 
89 9 to 1244 per minute and the ventiicular rate from 43 4 'to 60 0 per 
minute (Fig 1) In Case 2, atropin increased the auricular rate from 
74 to 96 beats per minute, but failed to affect the ventricular rate 

Two general hypotheses have been advanced to explain such find- 
ings According to the first of these, the influence of the vagi on the 
idioventricular rate is dependent on the site of the lesion producing the 
block, and consequently on the level within the junctional tissues at 
which the ventricular pacemaker is located as described by Zander'^ 
If this IS true, in the majority of the cases of complete heart-block the 
lesion, and consequently the ventricular pacemaker, is situated rela- 
te ely low down in a region not subject to vagus control, but m an 
occasional case the lesiop and ventricular pacemaker are located at a 
higher level in a region which is normally under the control of the 
vagi Organic structural lesions may occur in any portion of the His 
bundle, but the recent experimental work of Lewis, Meakins and White® 
indicates that functional block usually has its site in the region of the 
A-V node It seems likely, therefore, that, if the influence of the vagi 
on the ventricular rate is dependent on the site of the lesion, the chrono- 
tropic influence of the vagi on the ventricles would be more marked m 
functional than in organic heart-block There is not sufficient data at 
hand, however, to determine this point The greatest objection to this 
whole hypothesis is the fact that the idioventricular electric complexes, 
which occur when complete block is brought about m animals by vagus 
stimulation, are usually markedly abnormal and distinctly different 
from those seen when complete block is produced by other means 
(Kahn®), and also different from the ventricular complexes which 
usually occur in clinical complete heart-block This unquestionably 
indicates that the vagi do exert an influence on that region within the 
junctional tissues which he above the bifurcation of the His bundle, 
a region which, judging from the usual form of the ventricular com- 
plexes in complete heart-block, contains the idioventricular pacemaker 

According to the second hypothesis which has been advanced to 
explain the established facts with regard to the vagi and the idio- 
ventricular rate, the region which contains the idioventricular pace- 
maker IS normally subject to vagal influence, but this influence is 
destroyed by the same lesion which produces the block (Lewis^°) 

7 Zander, E Nord med Ark, 1915, 2, No 6, Part 2 Reviewed m 
Zentralbl f Herz u Gefasskrank , 1915, 19, 1914 

8 Lewis, Meakins and White Heart, 1914, 5, 289 

9 Kahn, R H Ergebn d Physiol , 1914, 14, 1 

10 Lewis, T Lectures on the Heart, New York, Paul B Hoeber Com- 
pany, 1915 
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This might easily occur if, as is probable, the majority of the vagus 
fibers reach the ventricles by way of the A-V bundle Advocates of 
this theory have, so far as we know, not attempted to explain the 
occurrence of cases, such as one of those which we are reporting, in 
which. 111 spite of the presence of complete block, the ventnculai rate 
is subject to vagal influence The occurrence of such cases is, how^ 
ever, not an insuperable objection to the theory, for it has been shown 
by Garrey^^ that the passage of the excitation wave through a layer of 
muscle may be interrupted by compression without preventing the pas- 
sage of nerve impulses through the same area It is possible also that 
a lesion may be so located as to interrupt the muscular without inter- 
rupting the nervous connection between auricles and ventricles 



Fig S (Case 2) — The effect of exercise on the cardiac mechanism The 
• auricular rate is markedly intensified, and the ventricular rate only slightly 
increased 


We also investigated the eflfect of exercise on the cardiac r.ite in 
one of our cases (Case 2, Fig 5) The exercise consisted in doing 
3,300 foot-pounds of work in thirt-y seconds by climbing stairs Elec- 
ti ocardiograms were taken immediately before and after the exercise 
The auricular rate was increased from 75 to 120 per minute and the 
ventricular rate from 34 to 40 per minute According to Gasser and 
Meek^^ exercise may increase the heart rate in four distinct ways 
(1) by an inhibition of vagus activity, (2) by an increase of acceler- 
ator activity, (3) by an increase in the secretion of epmephrin, and 
(4) by an increase in the temperature of the blood They found that 
the first of these mechanisms was by far the most important Since 


n Garrey Am Jour Physiol , 1911, 28, 249 
12 Gasser and Meek Am Jour Physiol , 1914, 34, 48 
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the ventricular pacemaker m our patient was apparently not under the 
control of the vagi, the increase in the ventricular rate observed after 
exercise must have been due to the last three factors mentioned 
Erlanger and Hirschfelder^'* have shown that the idioventricular rate 
m complete heart-block is subject to accelerator influence, and the other 
two factors concerned would probably act without reference to the 
location of stimulus production The slight increase m 'the ventricular 
rate as compared with the marked auricular acceleration indicates the 
great disadvantage from which patients with complete heart-block 
suffer during exercise as a result of the loss of vagus control of the 
ventricular rate 

DISTURBANCES OF VENTRICULAR ACTIVIlY 

In Case 2, two distinct distuibances of ventricular activity were 
observed On one occasion there was a spontaneous change in the 
form of the \entricular complex (Fig 6) This was not accompanied 
by any definite change m rate, and two possibilities offer themselves 
^01 its explanation there was either a change in the location of the 
\entncular pacemaker, or a change in intraventricular conduction at 
this time This phenomenon may have been caused by a massive dose 
of the tincture of digitalis which had been administered twenty-three 
hours before it was observed 

The second disturbance of \ enti icular activity shown by this patient 
was a marked tendency to multiple ventricular extrasystoles after 
exertion Multiple extrasystoles could be produced almost at will by 
having the patient rapidly perform about 3,000 foot-pounds of work 
by climbing stairs They were first observed about twenty-three hours 
after the administration of a massive dose of digitalis, but could be 
produced as long as the patient remained under observation The 
extrasystoles were not always of the same type and they occurred at a 
very rapid rate (Fig 7) Single extrasystoles were observed during 
the same period and the number occurring in succession varied from 
two to eight These extrasystoles did not occur immediately after the 
cessation of effoit, but about two to three minutes later, and there was 
usually considerable variation m the form of the ventricular complex 
at the time of their appearance At first it was thought that there w^as 
some relationship between the tendency to multiple extrasystoles after 
exertion and the administration of the digitalis, but the fact that this 
tendency continued unabated for a period of sixteen days after the 
digitalis had been given makes this relationship doubtful 

It IS also interesting to speculate on the relationship of this tendency 
to multiple extrasystoles and the syncopal attacks wdiich the patient 

13 Erlanger and Hirschfelder Am Jour Physiol, 1905-1906, 15 , 153 
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had Ventricular tachycardia might conceivably produce such attacks, 
if sufficiently long continued, and, moreover, it is possible that the 
ordinary pacemaker might fail to take up the rhythm promptly after its 
interruption by such a series of ectopic beats as in a case observed by 
Lewis As the patient had no syncopal attacks while under observa- 
tion, no direct evidence could be obtained on this point Against the 
existence of any causal relationship between the multiple extrasystoles 
and the syncopal attacks is the fact that the latter never occurred aftei 
effort, while the former occurred at no other time during the period 
that the patient was under observation The constant appearance of 
multiple extrasystoles after exercise in this case suggests that exertion 
may have influenced the nutrition of the heart unfavorably and thus 
led to their production This idea is borne out by observations on a 
patient with angina pectoris who developed an idioventricular tachy- 
cardia on exertion 

SUMMARY 

Two cases of complete heart-block showing unusual features are 
reported The following phenomena were observed 

1 Auricular arrhythmia dependent on ventricular activity 

2 Ectopic auricular beats dependent on stimuli received from the 
contracting ventricles 

3 Increase in the idioventricular rate after the administration of 
atropin 

4 Multiple ventricular extrasystoles after exertion. 

5 Spontaneous changes in the form of the auricular and of the 
ventricular complexes 

The explanation of these phenomena is discussed 


i 
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THE RATE OF ABSORPTION AND EXCRETION OF THE 
lODIDS OF STRONTIUM, SODIUM AND 
POTASSIUM 

E J KRAHULIK, MD, and J D PILCHER, MD 

OMAHA CLEVELAND 

Strontium salts have been used to a limited extent m therapeutics 
for the effect of the bromid, lodid or salicylate radical, hut their use 
has been more or less discouraged because it was thought that the 
strontium salts were more slowly absorbed than the corresponding salts 
of sodium and potassium ^ 

Since all lodids would exist in the blood and tissues essentially as 
sodium lodid, the excretion would be the same irrespective of the 
cathion, provided, of course, that the other conditions were the 
same Consequently, any difference m the excretion of the lodid in 
the urine would indicate that the change was primarily in tlie absorp- 
tion of the original lodid lodid was chosen in this investigation 
because its normal excretion has often been determined and because 
its quantitative estimation is simple and accurate The excretion of 
strontium lodid was compaied with that of sodium and potassium 

Method — ^The investigation was made chiefly on one subject, but 
for comparison a lesser number of experiments were made with the 
strontium and sodium salts, only, on two other individuals Each 
subject led a fairly uniform life during the investigation The lodid 
was taken immediately after a uniform breakfast and the total urine 
collected at the following periods %, 1, 2, 6, 12, 24, 48 and 72 hours 
At least three experiments were made with each drug, with a minimum 
interval of four days between experiments to insure the complete 
excretion of the previous dose The lodid was estimated by the usual 
methods ^ The averages of the lodid excreted at the different periods 

* Submitted for publication July 31, 1917 

*From the Pharmacological Laboratory, School of Medicine, University of 
Nebraska 

* The investigation was undertaken at the request of the Committee on 
Therapeutic Research of the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association 

1 Cushny Pharmacology and Therapeutics, 1915, p 567 

2 Convenient quantities of urine (10 to 50 c c ) were evaporated in nickel 

crucibles with 1 gm potassium hydroxid and 0 5 gm potassium nitrate per 10 
cc of urine, fused and dissolved in water, made acid Avith 10 per cent sul- 
phuric acid and 10 drops of 10 per cent sodium nitrite added, and the liberated 
lodin extracted with carbon disulphid and titrated with hundredth normal 
thiosulphate * 
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and the total excretion are given in Table 1 , the percentages in Table 2 
The results are graphically illustrated in Figures 1 and 2 (As the 
results were similar in the different subjects the excretion of one, only, 
IS given in the figures ) 

The lodid content of the salts as determined by analysis was as 
follows 

Nal — 0 784 gm per gm 
Sri — 0 525 gm per gm 
KI — 0 722 gm per gm 


TABLE 1 — Quantit\ of Iodix in the Urine at the Separate Periods, and 
Total Excretion in Grams of Iodin 
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TABLE 2 — A\frage Total Iodin Excretion in Percentage of the 

Intake in Grams of Iodin 
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One gram of sodium lodid was the standard dose, 1 5 gm of strontium 
lodid and 1 09 gm of potassium lodid gave equal amounts of lodin In 
several experiments but 1 gm of strontium lodid was taken, so that in 
the tables and figures the results are multiplied by the correct factor 
as indicated 

Rate of Excretion — There is practically no difference in the rate of 
excretion of the lodids of strontium, sodium and potassium as illus- 
trated in Figure 1, which shows an increasing excretion rate reaching 
the maximum at about the sixth hour and then decreasing rapidly; 
during the third day but 10 to 20 mg were excreted in all 



Fig 1 — Rate of excretion of lodin in milligrams (Subject K) , 

sodium lodid, potassium lodid, strontium lodid, 

strontium lodid x factor 


Total Excretion — A somewhat greater quantity of the strontium 
lodid than of the sodium lodid was excreted at the twenty-four, forty- 
eight and seventy-two hour periods, the potassium lodid (one subject) 
excretion lay between the strontium series As can be seen from the 
tables and figures, the difference is slight and probably of no signifi- 
cance 

There seemed to be no definite ratio between the excretion of the 
iodid and the volume of urine There were instances in whicli a 
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Fig 2 — ^Total excretion of lodin in milligrams (Subject K) , 

sodium lodid, potassium lodid, strontium lodid, 

strontium lodid x factor 
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greater volume of urme was associated with a greater excretion of 
lodid, but the reverse was about as frequent The point is well illus- 
trated in one instance of the potassium series in which the lodin excre- 
tion was strikingly uniform at the sixth hour period (225, 212 and 
222 mg ) with a marked variation in the urine output (600, 205 and 
270 c c , respectively) The average volume of urine was practically 
the same with the different salts 

Subjective Symptoms — About an hour after taking the lodid two 
subjects noticed an irritation or soreness of the pharynx which per- 
sisted for several hours and disappeared during the afternoon There 
was no apparent difference from the different lodids in the time of 
onset, intensity or duration of the symptoms No other symptoms 
were noted The third subject noted an acne eruption of the same 
degree from the strontium and sodium salts 

CONCLUSIONS 

The combination of lodin with strontium does not delay the excre- 
tion, and therefore the absorption, of lodin over that of sodium and 
potassium In fact, both the rate and total excretion seem to be slightly 
greater with the strontium lodid, although the difference seems 
immaterial 
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HEART-BLOCK 

II TRANSIENT COMPLETE HEART-BLOCK WITH NUMEROUS 
STOKES-ADAMS ATTACKS ■■ 

FRANK N WILSON, MD 

AND 

G CANBY ROBINSON, MD 

ST LOUIS 

Although syncopal attacks are fairly common in cases of complete 
heart-block, the}^ do not, as a rule, occur with sufficient frequency in 
any given case to allow the cardiac mechanism during an attack to be 
graphically recoided Pol5rgrains ha\e been obtained during such 
attacks by Lewis,^ and Williams- has obtained an electrocardiogiam 
during an attack in one instance The following case is of interest 
because electi ocardiographic records were obtained duiing several 
Stokes-Adams attacks, and also as an example of transient complete 
heart-block 

REPORT OF CASE 

Htstoiy — Mrs N M , an American housewife, aged 48, entered the Barnes 
Hospital, May 10, 1917, on the advice of her family physician, Dr George Park 
She complained of fainting spells, vomiting and pain m the epigastrium and 
back The family history was unimportant She had had measles, mumps and 
a number of attacks of severe sore throat during childhood , but had been other- 
wise well until about ten years before, when she began to suffer from palpitation 
of the heart and slight dyspnea on exertion, both of which symptoms had con- 
tinued up to the onset of the illness for which she entered the hospital She 
had never had a severe attack of cardiac decompensation She had had several 
attacks of severe pain m the epigastrium and back with fever and vomiting, 
and one such attack was accompanied by jaundice 

Picscnt Illness — About April 18, 1917, she became ill with pain in the epigas- 
trium and back similar to that which she had experienced in previous attacks 
At this time she also had nausea and vomiting and some fever Her general 
condition remained about the same until the night of May 9 At about midnight 
of this date she became nauseated and asked for water Her husband went to 
procure this, and when he returned he found her unconscious Her pulse was 
weak and irregular A dash of cold water in the face revived her During the 


* Submitted for publication Sept 1, 1917 

* From the Department of Internal Medicine, Washington University Med- 
ical School 

1 Lewis, T Lectures on the Heart, New York, Paul B Hoeber Company, 
1915 

2 Williams Personal communication 
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course of the night she had ten or twelve such attacks, and several more occurred 
during the next forenoon About 1pm, May 10, 1917, she was brought to the 
hospital She was then having a syncopal attack every one or two minutes These 
attacks were described by the intern in charge about as follows Each attack 
was preceded by a cessation of the heart sounds and of the pulse, which did not 
return for from three to ten seconds Just before the pulse returned, after the 
longer pauses, the patient became cyanotic and very dyspneic, the eyes turned 
upward and she became unconscious At the end of the longer attacks there 
was some twitching of the extremities and occasionally of the whole body The 
heart sounds and the pulse then returnd, the patient quickly regained conscious- 
ness and the cyanosis and dyspnea disappeared 

Physical Examination — Aside from these attacks the examination of the 
patient revealed little that was abnormal The cardiac dulness extended 3 cm 
to the right and 10 cm to the left of the midline On auscultation there was 
a systolic murmur, heard best along the left border of the sternum, but heard 
distinctly at the apex and transmitted into the axilla There was no edema of 
the ankles, ascites or hydrothorax The liver extended 3 cm below the costal 
margin and there was slight general abdominal tenderness The temperature 
reached 100 5 F on the day of admission, but was normal thereafter The 
remainder of the physical examination and the laboratory examinations, includ- 
ing the Wassermann reaction, were negative 

GENERAL SURVEY OF THE GRAPHIC RECORDS 

A general survey of the graphic records and the course of the 
patient’s illness will be given first, after which the records will be 
described in detail The electrocardiograms taken May 10 shortly 
after the patient entered the hospital and while she was having syn- 
copal attacks, revealed the presence of complete aunculo-ventncular 
dissociation with frequent periods of ventricular standstill lasting from 
seven to eleven seconds, and corresponding to the syncopal attacks 
About one-half hour later these periods of ventricular standstill began 
to be interrupted in the electrocardiograms by abnormal ventricular 
complexes, and at about the same time the syncopal attacks ceased 
During all of this time the ventricular rate between periods of ven- 
tricular standstill was approximately 90 per minute, while the auricles 
beat uninterruptedly at a rate of about 120 per minute About one 
hour after the first curves were taken, however, single normal ven- 
tricular complexes began to interrupt the periods of ventricular stand- 
still and these periods became comparatively short One-half hour 
later the short periods of high ventricular rate with complete dissocia- 
tion had disappeared and a partial heart-block of high grade was 
present 

On the following day. May 11, complete dissociation returned for 
a time, but there were no periods of ventricular standstill and the com- 
plete dissociation quickly gave place to a 2 1 block The partial block 
then became gradually less marked until May 14, when the only sign 
of defective conduction which remained was a prolongation of the 
P-R interval which measured 0 31 second ^'hereafter, the improve- 
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ment in conduction was less rapid, but by May 25 the P-R interval 
had decreased to 0 20 second During this time there was also a rapid 
improvement in the patient’s general clinical condition 

The general picture, then, was one of complete dissociation with a 
rapid idio\ entncular rate and ventricular standstill causing Stokes- 
Adams syndrome This was followed by improvement associated with 
a rapid decrease in the grade of the heart-block 

DETAILED DESCRIPTION OE THE GRAPHIC RECORDS 

Figure 1 IS an example of the electrocardiograms that were obtained 
at about 2 p m Alay 10, when the patient was having frequent syn- 
copal attacks It begins with a period of complete A-V dissociation 
during which the ventricular rate is 89 3 and the auricular rate 120 per 
minute This period of complete dissociation is followed by a period 
of ventricular standstill lasting 9 06 seconds During this period there 
IS a gradual acceleration of the auricular rate, probably due to anemia 
of the vagus center, or possibly to the fall of blood pressure The 
period of ventricular standstill is terminated by a period of complete 
dissociation exactly like that at the beginning of the figure From the 
examination of a number of tracings similar to this one it became 
apparent that there was a fairly constant time interval between the 
first ventricular complex following a period of ventricular standstill 
and an auricular beat preceding it This relationship was sufficiently 
constant to warrant the conclusion that the periods of ventricular 
standstill were terminated by an effective impulse passing from the 
auricles to the ventricles 

Figure 2 is an example of the electrocardiograms obtained about 
3 00 p m , May 10, at about the time that the syncopal attacks ceased 
It IS very similar to Figure 1, except that in it the long period of ven- 
tricular standstill was interrupted by the occurrence of ventricular 
contractions yielding complexes suggesting stimulus production within 
the left ventricle The relationship of the first normal ventricular 
complex following the long pause to the preceding P wave is slightly 
but not markedly different from that seen in the previous figure. 
It will be noted in Figure 2 as well as in the other figures that the ven- 
tricular complexes following long periods of ventricular standstill 
differ somewhat in form from the others This difference is partly 
due to the prolongation of the R-T time and is probably analogous to 
the changes in the form of the ventricular complex which occur as a 
result of changes in heart rate 

Records obtained shortly after Figure 2, show in addition to the 
abnormal ventricular complexes single normal ventricular complexes 
interrupting the period df ventricular standstill These normal beats 
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bear the same relationship to the previous auricular beat as do the first 
ventricular beats after the long pauses 

Figure 3 is an example of the curves obtained shortly after 
Figure 2 The abnormal ventricular complexes no longei occur, but 
single normal ventricular complexes occur during the pauses at the rate 
of 1 for every 4 auricular beats, each ventricular complex bearing the 
same relationship to the preceding P wave as the first ventricular com- 
plex of a group During the pauses 4 1 block is present, while during 
the periods of rapid ventricular rate there is complete dissociation 
Figure 4 is an example of the electrocardiograms obtained about 
4 05 p m. May 10 The groups of rapidly lecurnng ventricular 
beats no longer occur, and partial heart-block of high but somewhat 
mixed grade is now continuously present Records obtained shortly 
after that shown in Figure 4 indicated a lower grade of partial block 
Figure 5 is an example of the curves obtained between 10 30 and 
11a m , May 11 This figure shows a return of complete dissociation 
The ventricular rate, however, is now only 66 per minute, instead of 
90 per minute as on the previous day Moreover, there are no periods 
of ventricular standstill At this time the patient was given one-fiftieth 
gram of atropm sulphate hypodermically 

Figure 6 was obtained seven minutes after the atropm was injected 
We see in this figure a 2 1 block with a ventricular rate of 56 as com- 
paied with 66 in the previous figure This 2 1 block continued with- 
out change for the next hour In view of the fact that it came on so 
soon after the administration of the atropm and that there was no 
change in the block during the next hour, it seems unlikely that the 
atropm was responsible for the disappearance of the complete block 
seen m the pre-vious figure m favor of partial block On the other 
hand we believe that this was due to the slowing of the idioventricular 
rate 

On the following day. May 12, the partial block was of still lower 
grade, a mixture of 3 2, and 4 3 rhythm 

Figure 7 was taken at 10 45 a m , May 14, four days after admis 
Sion Each auricular beat now produces a ventricular response, and 
the only sign of defective conduction is the prolongation of the P-R 
interval which measures from 0 310 to 0 315 second 

DISCUSSION 

In discussing the cause of the periods of ventricular standstill and 
consequently of the syncopal attacks, we may first examine the tracings 
m the light of previous experience Such periods of ventricular stand- 
still are known to occur when complete heart-block is suddenly pro- 
duced in the expel imental animal, and also when a high grade of 
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partial block suddenly becomes complete m man In these instances 
ventiicular stoppage is due, according to Erlanger and Hirschfelder,^ 
to the sloA\ de\elopment of the idioventiicular rhythm In our case, 
ho-\ve\er, none of the abo\e conditions were present, we are dealing 
with Aery numerous penods of A^entnculai standstill occurring Avhile 
complete block Avas continuously present MoreoA^er, the A^entricles 
did not dcAclop their rhythm gradually at the end of a period of stand- 
still but started in at full speed In looking for unusual features Avlnch 
might explain the A^entiicular stoppage the attention is atti acted by 
the unusuall}^ rapid idiOA^enti icular rate, AAdnch AA^as about three times 
as fast as the usual idiOA entriculai rate seen m complete heart-block 
This seems to oftei an analogy The A^entncular tachycardia in this 
case bears certain lesemblances to a Avell recognized type of tachy- 
caidia, namely, paioxysmal tachycaidia, AAdnch is characterized by the 
suddenness of its termination In some cases of tachycardia there is 
peihaps a causal relationship betAA'een the successwe beats of the 
paroxysm, each beat seems to be necessary for the production of the 
folloAving beat If for any reason any beat of the senes fails to occur, 
the tachycardia comes to an end SomeAAdiat the same mechanism may 
be discerned duimg the periods of idiOA^entiicular tachycaidia Avhich 
occui red m our patient Each period stopped suddenly Avithout ascer- 
tainable cause 

The mechanism by AAdnch the A^entricular stoppage AA^as terminated 
became eAident AAdien a number of records AA^ere examined It AA'as 
found that the first A^entncular beat folloAving the long pauses boie a 
faiily constant relationship to a preceding auricular beat, indicating 
that these beats AA^ere sequential and that the A^entricular stoppage AA'as 
terminated because an impulse from the auricles reached the ventricles 
The auricular impulse did not stimulate the ventricles, hoAvever, until 
the venti icular stoppage had continued sufficiently long to produce the 
conditions in the heart Avhich AA'-ere necessary for the eftective passage 
of the impulse In the latei recoids, Avhen conduction Avas someAvhat 
improA'^ed, the peiiods of standstill Avere shorter 

It seems likely, therefore, that the ventricular stoppage Avas at least 
partly dependent on the abnormal chaiactei of the ventricular rhythm 
during the penods of ventiicular tachycardia The length of the 
periods of ventricular standstill was apparently determined by the time 
required for sufficient improvement in the auriculoventncular con- 
ductivity to alloAV an auricular stimulus to reach the ventricles , for, as 
the degree of block diminished the periods of ventricular standstill 
became shorter The periods of standstill Avere apparently nevei long 

3 Erlanger and Hirschf elder Am Jour Physiol , 1905-1906, 15, 153 
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enough to allow the usual slow idioventricular rhythm to develop 
Three factors, then, took part in the production of the syncopal attacks 
the abnormal character of the ventricular rhythm, the high grade of 
heart-block, and the slow development of the idioventricular rhythm 
The cessation of the syncopal attacks was apparently due to the 
occurrence of ventricular contractions arising in the left ventricle 
during the long ventricular pauses These beats, although they did 
not always occur after the elapse of exactly the same period of time 
following the occurrence of ventricular stoppage, were probably due 
to an impulse generated in one of the lower ventricular centers Had 
these beats failed to occur, however, the attacks wmuld soon have 
ceased because of the rapid improvement in A-V conduction and the 
gradual disappearance of the tendency to ventricular tachycardia w^hich 
are showm by the later records of May 10 

The occurience of a period of complete dissociation, May 11, 
appears to have been due to the recurrence of a ventricular rhythm of 
high rate This rhythm may or may not have been of the same char- 
acter as that previously observed Tbe ventricular rate w^as consid- 
erably slow^er and there w'as apparently no tendency to ventricular 
stoppage at this time This ventricular tachycardia disappeared rather 
suddenly after, but probably not as a result of, the administration of 
atropin, giving place to a 2 1 rhythm During the 2 1 rhythm the 
ventricular rate was considerably slower and it is possible that it w^as 
the rapid ventricular rate and not the condition of the junctional tissues 
alone which w^as responsible for the previous complete dissociation 
Tw'o explanations may be given for the occurrence of such a phe- 
nomenon The rapidly recurring ventricular beats may in some w^ay 
depress the conductivity of the His bundle This idea is supported 
by the occurrence of prolonged P-R interv^als after interpolated ven- 
tricular extrasystoles Erlanger,^x however, has suggested a different 
explanation His view may be expressed as follows The irritability 
of the ventricles during the refractory period is zero , followung the 
refractory phase the irritability of the ventricles increases according 
to a definite curve The height to which the curve of irritability rises 
depends on the form of the curve and on the duration of ventricular 
diastole The value of the threshold stimulus depends at any time, 
therefore, on the time wdiich has elapsed since the previous ventricular 
beat and the rate of recovery of the ventricles When, because of the 
high rhythmicity of some ventricular center, the ventricles are driven at 
a rapid rate, the general ventricular irritability never reaches a high level 
It IS conceivable that in such instances the stimuli from the auricles may 
fail to be effective on reaching the ventricles because they he below the 


4 Erlanger Personal communication 
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thieshold value When, as in the present case, the ventricular rate is 
relatively slow when compared with other types of tachycardia, this 
explanation is inadequate unless we further assume that the strength 
of the auricular stimuli reaching the ventricles is diminished by the 
defective A-V conduction, or that the increase in ventricular irritability 
is much less rapid than is usually the case So far as we know, there 
IS no exact experimental evidence hearing on this problem 

It remains to inquite into the etiology of the heart-block in our 
patient The rapidity with which the block cleared up suggests that it 
was not due to some destructive lesion of the A-V bundle, but to some 
toxic or acute inflammatoiy process The patient had received small 
doses of digitalis (5 diops of a proprietary preparation) for a period 
of about one week before entering the hospital , but it seemed unlikely 
that tins small amount of the drug could have been responsible for the 
block unless the patient was especially susceptible to the digitalis bodies 
To decide this point the tincture of digitalis was administered to the 
patient for a consideiable period, beginning about two weeks after she 
entered the hospital No marked changes in conduction were observed 
The patient’s history and the slight fever on the day of admission to 
the hospital indicate that she had recently had an acute infection, and 
it is possible that this was in some way responsible for the lesion which 
caused the block The presence of an old endocarditis and possibly a 
chronic myocarditis indicated by the history and the presence of mitral 
regurgitation may have been a contributory factor 

SUMMARY 

A case of transient complete heart-block is repoited When first 
observed the patient was having a great many syncopal attacks and the 
cardiac mechanism during some of these was recorded electrocardio- 
graphically The attacks were caused by ventricular standstill lasting 
from seven to eleven seconds The patient made a rapid clinical 
recovery, and at the same time there was a rapid decrease in the grade 
of block The cause of the syncopal attacks and the etiology of the 
heart-block are discussed 
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THE ENDOCRINE ORIGIN OF MUSCULAR 
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SCOPE OF THE PRESENT COMMUNICATION 

Certain clinical and pathologic observations suggest that muscular 
dystrophy may originate as a result of dysfunction of the endocrine 
organs Such a view requires, however, the support of evidence of 
metabolic nature before it can be regarded as acceptable In the pres- 
ent investigation the metabolism in nine cases of muscular dystrophy 
was accordingly studied In addition to certain disturbances m the 
creatmin-creatin metabolism, there was observed constant hypoglycemia 
and impaired utilization of carbohydrate The metabolic picture pre- 
sented is essentially the same as that recorded in the diseases of 
unquestionable endocrine origin (myxedema, hypopituitarism and 
Addison’s disease) and after experimental removal of the thyroid or 
adrenal glands in animals In view of these metabolic findings, also 
the clinical as well as pathologic, it seems justifiable to regard muscular 
dystrophy a result of dysfunction of the ductless glands 

CLINICAL MATERIAL 

This was selected from the neurologic wards of the Montefiore 
Hospital, and consisted of a representative senes of muscular dys- 
trophy cases, including both light and severe, in children and adults 
Our patients well exemplify the fact that muscular dystrophy is a dis- 
tinctly familial disease, for eight of our nine patients gave such a his- 
tory The greater tendency of males to become affected is shown by 
the fact that eight patients were men or boys Practically all gave 
evidence of trophic changes in the nails, skin, hair, etc A peculiar 
distribution of hairy areas was observed in three cases Pigment 
deposits, osseous changes, etc , were also found 

Roentgenologic studies were made in each instance The results 
are very instructive Aside from Case 1 in which the findings were 
negative, the entire series showed rarefaction of the skull and long 
bones, in some cases underdevelopment, in two cases pineal shadows 


^ Submitted for publication Sept 18, 1917 
* From the Montefiore Hospital 
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The osseous system is evidently almost as frequently affected as is the 
muscular, as will be observed by reference to the accompanying roent- 
genograms Case 9 showed acromegalic changes Abstracts of the 
patients’ histones follow The cases are arranged throughout the 
article in the order of their seventy 

REPORT OF CASES 

Case 1 — ^Joseph G, a boy, aged 11 years, had one sister who was affected 
with muscular dystrophy He was operated on four years previously for 
cataracts of both eyes His present illness began at the fourth year with dis- 
tinct progressive weakness in all the muscles of the body There is at present 
general muscular wasting and weakness with the exception of the calf muscles 



Fig 1 (Case 1) — Showing general muscular wasting, “winged” scapulae, 
and the characteristic manner of rising from recumbent position 

which are in a condition of pseudohypertrophy When lying on the floor the 
patient assumes the erect position in a characteristic manner by rising on one 
knee, extending the other leg, pulling himself up on that and then dragging 
up the other leg (Fig 1) There is a myotonic reaction in the tongue, thenar and 
hypothenar eminences and the deep reflexes are but feebly elicited When 
walking the patient has a characteristic steppage gait On appropriate move- 
ments there are typical winged scapulse The facies is of the myopathic type 
and there is very little fatty tissue There are hirsutes on the extensive sur- 
face of the upper extremities just above and below the elbow Marked cyanosis 
IS present in the peripheral portions of all four extremities which is only 
slightly influenced by posture, the hands remaining distinctly cyanosed even 
when elevated The Wassermann reaction is negative 
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The roentgenographic examination of the skull and long bones was essen- 
tially negative 

Case 2 — H S , a woman, aged 43 One brother died at the forty-fifth year 
of progressive muscular dystrophy The onset of the disease began m her 
thirty-eighth year with weakness m the lower extremities, and upper extremities 
in lesser degree Motor paresis in neck muscles developed later Present status 
Facies characteristic of primary myopathy (Fig 2) , motor power markedly 
diminished, intense cyanosis of feet, volume of musculature is lost throughout 
the body, with far greater relative diminution of function, gait slow and hesi- 
tating, with broad base , wasting of muscles of neck and shoulders , sternocleido- 



Fig 2 (Case 2) — Facies characteristic of primary myopathy 

mastoids atrophic, myotonic reaction in muscles of tongue and right thenar 
and hypothenar eminences The patient is unable to raise herself on the chair 
without assistance, and she has a low monotonous speech 

The roentgenographic examination shows small spots of bone absorption 
scattered throughout the upper portion of the cranium There is a faint shadow, 
about 5 by 7 mm situated slightly above and 3 5 cm posterior to the tip of the 
posterior clinoid process This shadow suggests the pineal gland 

Case 3 — N B , a man, aged 42, has two brothers known to have muscular 
dystrophy The patient lived under unhygienic conditions, his work exposing 
him to metallic dust of lead, brass, antimony, etc The onset began at the 
twenty-sixth year, was gradual, with progressive weakness in right arm, extend- 
ing to left, then involving both lower extremities There is marked exoph- 
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tlialmos and dilated pupils (Fig 3) The patient cannot assume a sitting pos- 
ture but maintains it when assisted The head is flexed and rotated to the right 
There is marked atrophy of the sternocleidomastoids, trapezii and muscles of 
the forearms The deep reflexes are absent (knee jerks diminished) The 
characteristics in this case are contrasted pseudohypertrophy and weakness 
of function of the calf muscles The muscle tissue seems to be replaced almost 
entirely bj^ fat The Wassermann reaction is negative 

The roentgenographic examination shows ver}’ marked bone rarefaction m 
the skull, evidently in the tabula interna, simulating strongly the convolutions 
of the brain The extremities show moderate diffuse bone rarefaction, some- 
what more marked in the lower In both tibiae there is evidence of very 
advanced localized bone absorption running in the form of two narrow strips 
throughout the upper half of the diaplnsis, suggesting cavity formation (Fig 4) 



Fig 3 (Case 3) — Muscular dystrophy with marked exophthalmos 

Case 4 — S , a man aged 48, has two brothers who are affected with 
primary myopathy At the thirtieth year in our patient weakness began in both 
upper and lower extremities (Fig 5) He is able to move about only in a 
wheelchair, and has difficulty in assuming a sitting position There is flexion 
of both thighs and knees and contraction of the hamstring muscles Extension 
of legs IS limited to 130 degrees His body is of wasp-like contour, facies 
myopathic, and the calf muscles are weak with the characteristic sclerotic feel 
Pseudohypertrophy is present There is marked wasting of the general mus- 
culature The deep reflexes cannot be elicited because of atrophy Electrical 
examination shows quantitative changes in the affected muscles The skin is 
cold and clammy, the feet cold and cyanotic and there are trophic changes m 
the nails The pulse is slow and of low tension 

Roentgenographic examination shows several small irregular spots of bone 
absorption scattered throughout the parietals and frontals (Fig 6) There is 
an irregular shadow, about 0 5 to 1 cm on the level of and 4 cm posterior to 
the tip of the posterior clinoid process (pineal body^) Evidence of bone 
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absorption of the posterior clinoid process is present, the sella turcica is not 
enlarged, and there is marked, diffuse bone atrophy in the upper extremities 
In some places differentiation between compacta and spongiosa has entirelj 
disappeared There is a moderate amount of diffuse atrophy of all bones of the 
lower extremity, including tarsal bones 

Case 5 — L K , aged 19, has two brothers who are affected with progres- 
sive muscular dystrophy There is an extra digit on all four extremities (con- 
genital deformity) The onset began at the third year with progressive 
weakness, in the order named of the lower extremities, upper, back, and facial 
musculature (Fig 7) The calf muscles show the usual pseudohypertrophy with 



Fig 6 (Case 4) — Small irregular spots of bone absorption throughout the 
parietal and frontal bones The irregular shadow toward which the arrow 
points at thp anatomic location of the pineal body would seem to indicate an 
enlarged organ 

the characteristic sclerotic feel The whole skeletal stiucture appears stunted, 
the long bones between the knees and the ankle are abnormally short, and 
there is a peculiar distribution of the hirsutes, the indi\idual hairs being abnor- 
mally long, especially about the groins and thighs anteriorly 

The roentgenographic examination shows underdevelopment of the long 
bones and absorption of osseous tissue 

Case 6 — H B , aged 18 years His father is an epileptic, and he has 
two brothers affected with muscular dystrophy One maternal aunt is insane 
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The onset began at the fifth year with generalized muscular weakness and 
slowly progiessive wasting The calf musccles show typical pseudohyper- 
trophy (Fig 8), and the orbicularis oris and palpebrarum muscles are atrophic 
The trunk deformities are m large part due to muscle wasting The hair is 
strikingly long and abnormally distributed, scalp hair very dry and brittle 
and there are trophic ulcers on the fingers and toes 

The roentgenographic examination shows marked, diffuse rarefaction of all 
bones examined They are abnormally thin and underdeveloped (Fig 9) 
Case 7 — James G , a boy, aged 15 There is profound muscular weakness 
with contractures involving almost the entire musculature of the limbs and 
trunk The sternocleidomastoids are atrophied and there is extreme distortion 



Fig 7 (Case 5) — Whole skeletal structure appears to be stunted, pseudo- 
hypertrophy of calf muscles, long bones betA'een knees and ankles abnormally 
short, peculiar distribution of hirsutes 

of the trunk (Fig 10) This case represents an advanced muscular degenera- 
tion The facial muscles on both sides are involved in the typical myopathic 
loss of function on effort The exophthalmos is emphasized by the partial wast- 
ing of the orbiculares palpebrarum There is marked dryness of the skin on 
the abdomen and a deposition of brown pigment The teeth are wide apart, 
and there is macroglossia 

The roentgenographic examination shows marked underdevelopment and 
rarefaction of all bones examined, most advanced in the carpus and tarsus 

Case 8 — M E , aged 19 years, has one brother affected with muscular 
djstrophy At the third year the patient’s manner of gaining the erect position 
tjpical of muscular dystrophy was observed He was never able to run and 
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t-lnnli ’s.tiirs There 1 "^ marked waiting of all imiscles of the body and con- 
tnetnre^: in llit hatn«.trings and calf imiccks (ITf: 11) The enlargement of 
the call nni'^clLS and the peculiar hck'rotie feel aie in contrast to the marked 
uetural atroplu ekcisliere The skin is peculiarh di\, with difiuse areas of 
hrciwmsli pignuntalion and a prohiic long hairy growth about the pcKis and 
thighs The c\ inosis of the lower extremities ni tlie distal portions is marked 
lud there is n tendenc\ of the soit parts m ukcration 

1 lie roeiitgetiograplm evimmation shows atrophj of all hones examined 
The lower jiortio.is oi ulnae and radii are almormally tlim from undcrdc- 
eeloiuneiit 



I'lg 8 (Case 6) — Deformities of trunk due m large part to muscle wasting; 
pscudolnpertrophj of calf muscles, atrophic condition of orbicularis ons and 
jialpebrarum muscles, abnormal distribution of bair, trophic ulcers on fingers 
and toes 

Casj 9—1 R, bo}, aged 14 icars, gives a family history which contains 
no clement relevant to the patient's condition The initial symptoms bearing 
on the dc\clopment of the muscular dystrophy date from the boy’s third year 
The patient gate the histor} of gradual weakness beginning in the low^er 
extremities, progrcssuclj involving girdle, facial and shoulder musculature 
(Fig 12) Pscudohypertropln and atrophy have finally reached a very high 
degree T here is also, m part secondary to the marked involvement of the 
trunk muscles, extensive kyphoscoliosis from sixth dorsal to midsacral region 
The general massive bony contour of the head and face, and especially the 
marked prognathic lower maxilla, arc decidedly of the acromegalic cast The 
sexual development, in contradistinction to the other cases reported, shows 
abnormally advanced maturity of growth (Fig 13) There is marked macro- 
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The onset began at the fifth jear with generalized muscular weakness and 
slowlv progressive wasting The calf musccles show typical pseudohyper- 
trophy (Fig 8), and the orbicularis ons and palpebrarum muscles are atrophic 
The trunk deformities are m large part due to muscle wasting The hair is 
strikingly long and abnormalh distributed, scalp hair very dry and brittle 
and there are trophic ulcers on the fingers and toes 

The roentgenographic examination shows marked, diffuse rarefaction of all 
bones examined Thej are abnormal^ thin and underde\ eloped (Fig 9) 
Case 7 — James G, a bo^, aged 15 There is profound muscular weakness 
with contractures involving almost the entire musculature of the limbs and 
trunk The sternocleidomastoids are atrophied and there is extreme distortion 



Fig 7 (Case 5) — Whole skeletal structure appears to be stunted, pseudo- 
hjpertroph}^ of calf muscles, long bones between knees and ankles abnormally 
short, peculiar distribution of hirsutes 

of the trunk (Fig 10) This case represents an advanced muscular degenera- 
tion The facial muscles on both sides are involved m the typical myopathic 
loss of function on effort The exophthalmos is emphasized by the partial wast- 
ing of the orbiculares palpebrarum There is marked dryness of the skin on 
the abdomen and a deposition of brown pigment The teeth are wide apart, 
and there is macroglossia 

The roentgenographic examination shows marked underdevelopment and 
rarefaction of all bones examined most advanced in the carpus and tarsus 

Case 8 — M E, aged 19 years, has one brother affected with muscular 
dystrophy At the third year the patient’s manner of gaining the erect position 
t 3 'pical of muscular dystrophy was observed He was never able to run and 




IBRliARY, 191S 


MUSCULAR DYSTROPHY 


195 


climb stairs There is marked wasting of all muscles of the body and con- 
tractures in the hamstrings and calf muscles (Fig 11) The enlargement of 
the calf muscles and the peculiar sclerotic feel are in contrast to the marked 
general atrophy elsewhere The skin is peculiarly dry, with diffuse areas of 
brownish pigmentation and a prolific, long hairy growth about the pelvis and 
thighs The cyanosis of the lower extremities in the distal portions is marked 
and there is a tendency of the soft parts to ulceration 

The roentgenographic examination shows atrophy of all bones examined 
The lower portions of ulnae and radii are abnormally thin from underde- 
velopment 



Fig 8 (Case 6) — Deformities of trunk due in large part to muscle wasting; 
pseudohypertrophy of calf muscles, atrophic condition of orbicularis oris and 
palpebrarum muscles, abnormal distribution of hair, trophic ulcers on fingers 
and toes 

Case 9 — R , boy, aged 14 years, gives a family history which contains 
no element relevant to the patient’s condition The initial symptoms bearing 
on the development of the muscular dystiophy date from the boy’s third year 
The patient gave the history of gradual weakness beginning m the lower 
extremities, progressively involving girdle, facial and shoulder musculature 
(Fig 12) Pseudohypertrophy and atrophy have finally reached a very high 
degree There is also, in part secondary to the marked involvement of the 
trunk muscles, extensive kyphoscoliosis from sixth dorsal to midsacral region 
The general massive bony contour of the head and face, and especially the 
marked prognathic lower maxilla, are decidedly of the acromegalic cast The 
sexual development, in contradistinction to the other cases reported, shows 
abnormally advanced maturity of growth (Fig 13) There is marked macro- 
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Fig 9 (Case 6) — Showing marked rarefaction and underdevelopment m the 
bones of the hand and forearm This diffuse rarefaction was present in all of 
the bones examined i 



Fig 10 (Case 7) — Profound muscular weakness with contractures involving 
almost the entire musculature of the limbs and trunk, extreme distortion of 
trunk, topical myopathic loss of function of facial muscles, etc 
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Fig 11 (Case 8) — Marked wasting of all the muscles of the body and con- 
tractures in the hamstrings and calf muscles 



Fig 12 (Case 9) — Marked involvement of trunk muscles, extensive kjpho- 
scoliosis from sixth dorsal to midsacral region, general massive contour of 
head and face, prognathic lower maxilla, decided acromegalic cast, exces- 
sive growth of hair over body 
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glossia, the tongue in protrusion being really huge (Fig 14) There is exces- 
sive hair growth over the entire body 

Roentgenographic study of the skeleton structure examined, shows the usual 
underdevelopment of the long bones Those of the skull, especially the lower 
jaw, present markedly acromegalic feature^ 

METHODS OF INVESTIGATION 

In general the methods employed were those described in previous 
articles by one of us The advantages of a metabolism ward were 
utilized in this study The cases were segregated under constant super- 
vision in separate rooms, and cared for by night and day nurses trained 
in metabolism studies A special diet kitchen was used The diet was 
creatin-creatinin free, was kept uniform during the experimental 
periods, and in all cases was weighed Representative articles of food 
used were bread, butter, eggs, milk, potatoes, rice, pears, custard, sweet 
corn, orange, and lettuce, the amounts taken varying somewhat with 



Fig 13 (Case 9) — The underdevelopment of the long bones with contrasted 
acromegalia of the bones of the skull, especially the inferior maxilla, is very 
marked in this case 


the clinical condition and age of the patients Those undergoing study 
were placed on the diet four to seven days before the beginning of the 
experimental period, as recorded m the protocols The urine was col- 
lected in twenty-four-hour periods with proper precautions In the 
cases of three patients who were helpless cripples it was found impos- 
sible sharply to demarcate the twenty-four-hour periods, and this fact 
IS noted in the protocols 

The metabolic studies consisted in the determination of the endog- 
enous creatinin-creatin metabolism, total nitrogen, blood sugar and 
blood sugar tolerance curves It is fully recognized that these phases 
of metabolism are partial only and should be supplemented by others 
such as the purin and mineral exchange As the work was undertaken 
for the purpose of determining the nature rather than extent of the 
metabolic disturbances, and the labor involved in this investigation of 
nine cases is very considerable, a study of the calcium and magnesium 
metabolism was made only in one instance' 
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TABLE 2 — Protocols of Urinary Analyses 


1 

1 

1 Case 

Days 

Volume, 

Oc 

Total 

Nitrogen, 

Gm 

! 

Oreatinin, 

Gm 

Creatin, 

Gm 

Oreatin Plus 
Oreatinin 
as Oreatinin, 
Gm 

1 

1 

180 

2 80 

0167 

0 066 

0 212 


2 1 

340 

3 94 

0151 

1 

0176 

0 303 


3 ! 

440 

6 74 

0128 ! 

0 317 

0 402* 


4 

220 

3 59 

0197 

0140 

0 317t 

2 

1 

720 

5 21 

0 270 

0 210 

0 461 


2 

920 

718 

0 317 

0 375 

0 641t 


3 

660 

7 62 

0 365 

0 208 

0 544* 

i 

3 

1 

440 

6 84 

0 209 

0 622 

0 745 


2 

480 

6 62 

0 213 

0 638 

0 763 

1 ’ 

3 

540 

7 20 

i 

0 211 

0 604 

0 732 

i 

1 

540 

i 

7 53 ! 

! 

0 254 1 

0 660 

0S32» 


2 

450 

5 61 i 

0198 

0 538 

0 b()2t 


s 

i 

440 

5 25 

0 209 

0 592 

0 719 

5 

1 1 

480 

8 47 

0128 

1 

0 621 

0 603 


2 

540 

7 51 

0135 

0 610 

0 661 

> 

3 

720 

7 96 

0136 

0 598 

0G51 

6 

1 

1,040 

618 { 

0104 

0 578 

0 602 

( 

2 

1,020 

6 35 

OIOS 

0 577 

0C06 

i 

} f 
! 

3 

680 

6 42 

0 089 

0 530 

0 546 

7 

1 

660 

4 99 

1 

0102 

0 404 

0 460 

, 

2 

790 

8 86 

0100 

0 654 

0 664 


s 

680 

7 91 

0122 1 

j 

0 518 

0 569 

8 

1 

420 

711 

0 086 

0 230 

0 284 


2 

650 

6 03 

0101 

0145 

0 223 


3 

590 

3 95 

0 079 

0140 

0 200 

9 

1 

850 

8 35 

0160 

0 617 

0 691 



930 

1118 

0190 

0 708 

0 800 


1 3 

1 

610 

788 

0146 

0 583 

0 649 


* Slightly more than twenty four hours 

t Rightly less than twenty four hours Sum of these two days, however, equals forty 
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TABLE 3; — Urinary Creatinin and Creatin Per Kilogram of Body Weight * 


Case 

Creatinin, 

Mg 

Creatin, 

Mg 

Case 

Creatinm, 

Mg 

Creatin, 

Mg 

1 

fi8 

76 

0 

42 

23 0 

2 

52 

43 


40 

19 5 

8 

8 4 

10 0 

8 

28 

54 

4 

47 

12 8 

9 

41 

15 9 

0 

39 

17 9 





* Avenge of three Uventj' four hour periods in all cases except Case 1, ■which is a four 
a ly a\erage 


TABLE 4 — Blood Analyses Milligrams Per 100 Cc 


Case 

Cieatmm 

Creatin 

Urea Nitrogen 

1 

1 

0 52 

68 

18 7 

> 

' 0 45 

58 


1 

0 48 

11 3 

18 5 

4 

0 27 

10 8 


6 

0 65 

6 9 


6 

0 36 

7 1 

21 6 

7 

0 43 

69 


8 

0 48 

6 6 

89 

9 

0 28 

1 

72 

22 4 


ANALYTIC METHODS 

Uiinc 

Creatinm according to Folm’ 

Creatin according to Benedict" 

Glucose according to Pavy-Kumagawa ® 

Calcium and magnesium according to McCrudden * 

Feces 

Calcium and magnesium according to McCrudden^ 

Blood 

Urea nitrogen according to Van Slyke and Cullen ° 

Creatinm according to Folin® 

Creatin according to Benedict and AlyersJ 

Blood sugar according to Epstein’s modification of Lcams and Benedict’s, 
method ® 


1 Folm, O Ztschr f physiol Chem , 1904, 41, 222 

2 Benedict, S R Jour Biol Chem , 1914, 18, 191 

3 Analyse des Hams, Neubauer-Huppert, 1910, 1, 399 

4 McCrudden, F H Jour Biol Chem, 1911, 10, 187 

5 Van Slyke, D D, and Cullen, G E Jour Biol Chem 1914, 19, 21L 

6 Folin, O Jour Biol Chem , 1916, 28, 349 

7 Benedict, F G , and Mvers, V C Am Jour Physiol , 1907, 18, 397 

8 Epstein, A A Jour Am Med Assn , 1914, 63, 1667 
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EXPERIMENTAL RESULTS 

The daily protocols of the urinary findings are grouped in Table 2 
In contradistinction to the results of many metabolic studies on patients 
those obtained in this series of nine cases are definite and uniform 
throughout They all show certain abnormalities in the creatinin- 
creatin and caibohydrate metabolism, as is emphasized in the following 
summary of our findings 

SUMMARY OF EXPERIMENTAL RESULTS 

1 Marked decrease in the preformed creatinm in the mine 

2 Abnormal presence of creatm in the urine 

3 Low values of creatinm in the blood 

4 Normal amount of creatm m the blood 

5 Hypoglycemia 

6 Delayed glucose utilization (hourly blood sugar curve) 

DETAILED RESULTS 

Urinary Creatinm The creatinm excretion showed its well known 
tendency to bear no definite relation to the total nitrogen excietion 
Normally, about from 17 to 22 mg of creatinm per kilogram body 
weight IS excreted on a creatimn-creatm-free diet As is evident from 
Table 3, only one-sixth to one-third of the usual amount was found in 
our series Although reduced in all cases, the amount present seems to 
bear a certain relation to the severity of the clinical symptoms for the 
creatinm was usually decreased more in the severer than m the lighter 
cases 

Urinary Creatm Moderate amounts of this abnormal constituent 
of human urine were present m each case The amount of creatm 
excreted in eight of the nine cases exceeded the creatinm 

Blood Creatinm The values obtained by us vary from 0 27 mg 
to 0 55 mg of creatinm per 100 c c of blood If the normal value 
IS from 1 to 2 mg per 100 c c , as has been generally accepted, the 
blood creatinm of our muscular dystrophy cases is distinctly low 
Unfortunately, the accuracy of blood creatinm determinations is still 
open to some criticism,® and may be found to be normally lower than 
IS generally supposed We therefore prefer at present not to draw 
definite conclusions from these observations The apparently low 
values may, however, bear a relation to the low level of the urmary 
creatinm The sum of creatinm plus creatm is generally below normal 

Blood Creatm This was found to range nearly within normal 
limits m every case It is to be remarked that the appearance of creatm 


9 Gettler, A O Jour Biol Chem , 1917, 29, 47 
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111 the urine was unaccompanied by an increase in the creatin of the 
blood 

Blood Glucose A definite hypoglycemia was demonstrated m our 
cases The blood was examined in the morning before breakfast m 
order to avoid the influence of food Repeated examinations showed 
the blood sugar to remain constantly at a low level Although low 
blood sugar values are observed at times under those conditions in 
normal persons, such observations are infrequent and inconstant 

Carbohydrate utilization has been observed m our laboratory for 
some time According to an unreported study the administration of 
1 75 gm of glucose per kilogram of body weight m 40 per cent solu- 
tion causes a characteristic rise in the blood sugar of normal indi- 
viduals, the fasting blood sugar level being reattained one and one-half 
to two hours after ingestion In possession of these data it was deemed 
advisable to make similar examinations m our dystrophy cases 


TABLE 5 — Bijood and Urine Examination for Carbohydrate Assimilation 


Case 

Blood Glucose m per Cent 

Ur nary 
Glucose 
Tuentj 
Four 
Hours 

Gm 

Fasting 

After Glucose Ing'‘Stion 

1 Hour 

2 Hours 

3 Hours 

4 Hours 1 

! 

5 Hours 

1 

0 0S6 

0110 

j 

0 083 



! 

Negative 

2 

0 065 

0146 

0156 

0117 

0 078 


Trace 

3 

0 070 

0110 

0 096 

0 082 

0 071 


25 

4 

0 080 

0198 

0196 

00 

0127 

0 062 

37 

5 

0 067 

0113 

0 069 




Trace 

6 

0 080 


0115 

0 096 

0 083 


0 27 

7 

OOSa 

0123 

0 080 ; 




Negative 

8 

0 073 

0131 

0192 

0 077 



Negative 

9 

0 068 

0127 

0 095 

0090 

0 063 


Negative 


The results of these studies appear in Table 5 In each case the 
blood sugar was determined m the morning after a night’s fast This 
was followed by the ingestion of 1 75 gm of glucose per kilogram in 
40 per cent solution Blood sugar estimations were then made at 
hourly intervals The results of these examinations bring out the fact 
that there is a distinct delay in the disappearance of carbohydrate from 
the blood of five out of nine cases, the normal blood sugar value not 
being reattained until the end of the fourth or fifth hour after glucose 
ingestion instead of previous to the end of the second hour, which is 
the rule in normal subjects 

It IS interesting to observe that we are here probably dealing vith 
a real defect in the proper removal of glucose from the blood, as will 
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now be explained After ingestion of the measured amount of glucose 
the highest point of the resulting rise in the blood sugar represented a 
laige percentile increase over the fasting blood sugar level This 
inciease amounted to about 65 per cent on an average of the fasting 
value, whereas the normal rise is only about 20 per cent under pre- 
cisely the same conditions As would be expected in view of the hypo- 
glycemia, the absolute sugar values are not generally elevated more 
than m normal subjects undergoing the tolerance test 

The significance of these findings will be discussed later The defi- 
nite presence of glycosuria following the sugar ingestion in five out of 
nine cases is another sign of the inability of these patients to assimilate 
carbohydrates in the usual manner, for normal persons rarely react 
with glycosuria after the ingestion of sugar in the amount given here 
The total urinary nitrogen excretion was low in all cases Com- 
plete nitrogen balances weie not attempted, but judging from a com- 
parison of the nitrogen of the food taken to that of the urine, there is 
an evident tendency to retention of nitrogen This was unexpected, 
as the creatinin-creatin-free diet was low in nitrogen 

Blood urea nitrogen determinations were made as a check in five 
cases and found to present no striking deviations from the normal 


TABLE 6 — Calcium and Magnesium Exchange, Case 9 



1 

Day 

Intake, 

Gm ! 

1 

! Output 

Baliince, 

Gm 

! Urine, 

1 Gm 

reces, 

Gm 


1 

1 

183 1 

1 

I 014 

0 35 

134 

Calcium ovid 

2 

183 1 

010 

0 35 

138 


3 

183 1 

012 

0 35 

1 

1 36 



0 53 

0 04 

014 

0 So 

Magnesium osid 

2 

053 

0 03 

014 

0 36 


3 

0 53 

006 

014 

0 33 


The calcium and magnesium exchange was studied over a short 
period in Case 9 The feces were demarcated with carmin at the begin- 
ning and end of the experimental period and the daily excretion 
averaged from the total obtained The urine was analyzed daily A 
large retention of both calcium and magnesium is evident from Table 6, 
in which the results are collected On a diet containing an adequate 

10 Case 4 showed glycosuria on a normal diet and is to be regarded as 
complicated with a tendency to diabetes The blood sugar values are accordingly 
omitted in obtaining the average percentile increase in the tolerance test 



EBRVARY, lOlS 


MUSCULAR DYSTROPHY 


205 


amount of calcium, it was found that the calcium and magnesium out- 
put in both urine and feces, as well as their total excretion, was quite 
small A large retention of these mineral elements was evidently 
taking place here Whether a low calcium and magnesium output is 
a constant feature in muscular dystrophy is a question open for future 
decision b)’' means of extended metabolic studies 

DISCUSSION 

Cl catimn-Ci eatin Metabolism — Though we are still far from 
adequately understanding the metabolism of these substances, a definite 
connection between them and the muscle metabolism is fairly well 
established The well known occurrence of considerable amounts of 
creatin in muscle and other facts of more purely scientific interest 
support this view This matter has also been the subject of consider- 
able clinical study In reviewing such results one must bear in mind 
that in some instances only the total creatmin, that is, creatmin plus 
creatin has been followed Thus Pemberton^^ has reported a case of 
myasthenia gravis with a total creatmin output of 0 59 gm daily, 
namely, a reduced excretion Such examinations of the urine are not 
very instructive for they fail to differentiate between creatmin and 
creatin This is important, as these substances ha\e such strikingly 
different fates in the organism Thus, Janney^- administered a large 
dose of Kendall’s thyroid hormone to a fasting dog There resulted 
the clinical picture of hyperthyroidism accompanied by an enormous 
breakdown of body tissue and rise m total nitrogen and purm metab- 
olism, also the appearance of creatin m considerable amounts m the 
urine The creatmin, however, remained utterl}'- unchanged m spite 
of the hyperpyrexia and other toxic symptoms present We are thus 
foiced to accept that different factors ma}'- control the metabolism of 
creatmin and creatin, as Fohn first pointed out Shaffeff® m an impor- 
tant study which should be better known clinically, came to the con- 
clusion that the urinary creatmin was a measure of the muscular effi- 
ciency of the patient This view receives a certain substantiation in 
the fact that in various states of muscular weakness, the creatmin 
excretion is decidedly lowered Such are exophthalmic goiter, myas- 
thenia gravis, myotonia congenita and muscular dystrophy For the 
last disease, Spriggs,^^ Levene and Kristeller^^ and the present writers 

11 Pemberton, R Am Jour Med Sc , 1910, 139, 816 

12 Article m course of preparation 

13 ShaflFer, P A Am Jour Physiol , 1908, 23, 1 

14 Spriggs, E I Biochem Jour, 1907, 2, 206 

15 Levene, P A , and Knsteller, L Am Jour Physiol , 1909, 24, 45 
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report low creatmm values McCrudden and Sargent’s^® case is excep- 
tional in this respect, since in that case normal values for creatmm 
were found 

The blood creatmm in muscular dystrophy has been previously 
little studied McCrudden and Sargent report normal values in their 
single case In view of the low urinary values found m our series of 
nine cases, one would expect low blood creatmm values, which we 
actually did find, but accept only with reservation as previously 
explained 

The appearance of creatin in human urine if the diet is creatm-free 
IS pathologic Creatin is excreted in conditions involving active-muscle 
breakdown Thus, it has been observed m toxic and febrile states, in 
muscular diseases, and in inanition During uterine involution the 
gieatest amounts have been reported There seems little doubt of its 
constant presence when sought for m muscular dystrophy Levene and 
Kristeller detected it in five cases, we in every case studied Blood 
creatin in McCrudden and Sargent’s case and our own cases presented 
no striking abnormalities In our cases the total urinary creatmm 
plus creatin was reduced Our normal values for creatin in the blood 
do not therefore exclude the possibility of a i elative increase of blood 
creatin 

The carbohydrate metabolism in muscular dystrophy has been 
hitherto studied only m isolated instances McCrudden and Sargent’s 
observation of hypoglycemia in a single case has been later corrob- 
orated by them m other cases Our observations have been alluded 
to That the metabolism of carbohydrate is actually delayed is shown 
by the tolerance tests 

Evidence Indicative of the Endocime Natiiie of Miisculai Dys- 
tiophy — (a) Pathologic and Clinical — In attempting to coordinate the 
complex manifestations of this interesting and relatively rare disease, 
the older point of view that it is limited to the muscle obviously must 
be abandoned A purely nervous origin of muscular dystrophy can 
also be excluded, as lesions of the central or peripheral neurons are 
not recorded in the great majority of cases In view of the articular, 
osseous and tendon changes reported by various observers, it is indeed 
evident that muscular dystrophy has a more general pathology 

We may now discuss the osseous changes These were present in 
nearly all our series It is very probable that if roentgenographic 
studies were regularly made in such cases, increased numbers would 

16 McCrudden, F H , and Sargent, C S The Archives Int Med 1916, 

17 , 465 

17 See Footnote 13 

18 Verbal communication to the authors 
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show the bony changes to be rather constant The osseous lesions have 
been usually ascribed to atrophy from disuse It is very questionable, 
however, whether this is the true explanation Thus Tixier and 
Roederer^® report four cases of muscular dystrophy exhibiting, aside 
from myopathy, osseous changes resembling osteomalacia and dwarfism 
Three of the cases having this significant syndrome were children of 
the same parents This type of osteodystrophy was first described by 
HutmeP® in 1911 Hahn®^ likewise points out that the bone changes 
are not those of disuse 

Sterling®® reports a significant and instructive case of simultaneous 
osseous changes and muscular dystrophy The case is not definitely 
classifiable The osseous changes in this instance are worthy of note 
and were specially studied The muscle atrophy affected both upper 
and lower extremities, was primary, and appears to have been a dys- 
trophy The patient was a healthy boy of 17 with negative heredity 
The malady developed gradually, beginning two years before admis- 
sion with paresis and atrophy of the lower limbs Pain in the knee 
joints appeared three months later, followed about a year later by 
objective osseous changes m the knee and ankle joints A year subse- 
quently the upper extremities became similarly affected, with elbow 
and wrist joints and deformity of the thorax and spinal column 
Roentgen-ray examination showed decalcification of the epiphyses 
and to a lesser extent of the diaphyses The osseous enlarge- 
ments in this case were found to be due to separations which passed 
transversely through the bone, causing wide gaps in tissue, and m 
which a reconstructive callous formation of osteoid nature was found 
Microscopically, the pathologic process suggested osteomalacia Clin- 
ically, the bone changes are those seen in the course of exophthalmic 
goiter as described by von Jaksch and Rotky 

Von Jaksch and Rotky’s observation is pertinent and worthy of 
direct reference The patient described by these authors was a young 
woman of 20 who had symptoms of exophthalmic goiter and in whom 
the superior and inferior thyroid arteries were ligated After tem- 
porary recession of symptoms for two years, painful enlargements 
appeared at the distal portions of the bones of both forearms, with 
similar osseous changes in the bones of the legs and the pelvis The 
thorax became deformed as a result of kyphoscoliosis There was 
exquisite tenderness of the entire skeletal structure Roentgenograms 

19 Tixier, L , and Roederer, C Presse med , 1913, 21, 95 

20 Hutinel, V Gaz d hop 1912, 85, 27 

21 Hahn, F Ztschr f Nervenh , 1901, 20, 137 

22 Sterling, W Ztschr f d ges Neurol u Psychiat, 1913, 19, 241 

23 Von Jaksch, R , and Rotky, H Festschr a d Geb d Roentgenstrahlen 
1908-1909, 13, 1 
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Other factors may, however, play a role in the production of these 
phlorizin poisoning symptoms 

Our contention that the ultimate origin of muscular dystrophy lies 
m an endocrine dystrophy is further strongly supported by clinical and 
experimental analogies, which will now be detailed Practically all the 
clinical symptoms and metabolic signs already referred to have been 
observed in well known hypofunctional conditions of the ductless 
glands 

Hypoglycemia in Othei Eitdoowe Conditions — In myxedema, 
Geyelin^® has reported hypoglycemia In cretinism we have observed 
hypoglycemia accompanied by creatm in the urine A delay in carbo- 
hydrate utilization in a creatm and several exophthalmic goiter patients 
studied by us was demonstrated by blood sugar curves Cushing^® 
called attention to hypoglycemia m dyspituitansm It has also been 
observed in Addison’s disease Muscular asthenia is not necessarily 
accompanied by a low blood sugar value Thus, in diabetes and some 
cases of exophthalmic goiter, hyperglycemia and muscular weakness 
coexist The causes of the hyperglycemia in these diseases are, how- 
ever, different In diabetes it is probably due to inability to oxidize and 
synthetically utilize carbohydrate, while in exophthalmic goiter the 
increased blood sugar may be the result of toxic breakdown of protein 
characteristic of this disease 

Hypoglycemia Not Due to Disuse — If hypoglycemia is a character- 
istic of deficient endocrine function and is not the result of a lessened 
requirement for carbohydrate due to smaller quantities of muscle tissue 
to be nourished, one should not expect to observe it in chronic arthritis 
cases McCrudden and Sargent, who very properly raise this point, 
accordingly made blood sugar determinations in several of such cases 
and found normal values We have extended these control studies to 
five similar cases with secondary generalized muscle atrophy and have 
likewise found the blood glucose at or slightly above its normal level 
The values obtained by us were as follows 

Case, W M , arthritis deformans, 0 102 per cent , 0 104 per cent Case, M R , 
chronic polyarthritis, 0122 per cent, 0124 per cent Case, M S, arthritis 
deformans, 0 107 per cent Case, M L , chronic infectious polyarthritis, 0 104 
per cent , 0 100 per cent Case, M C , chronic polyarthritis, 0 103 per cent , 
0 109 per cent 


28 Geyelm, HR The Archives Int Med , 1915, 16 , 975 

29 Unpublished experiments 

30 Cushing, H The Pituitary Body and Its Disorders, Philadelphia J B 
Lippincott Company, 1910, p 130 

31 Porges, O Ztschr f khn Med , 1909-1910, 69 , 341 , Janney Unreported 
observation 
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Expenmental Demonstiation of Hypoglycemia Aftei Removal of 
Ductless Glands — If the metabolic picture which we found in muscular 
dystrophy is really the result of dysfunction of the endocrine organs. 
It should be possible to reproduce it essentially through removal of one 
or more ductless glands in animal experiments In the case of the 
epmephric bodies some data is available, as hypoglycemia has been 
reported after epinephrectomy These experiments are subject, how- 
ever, to some question, as death ensues under these circumstances, and 
the decrease in the blood sugar has been explained as an immediate 
antemortem phenomenon 

Recent experiments by Janney and Isaacson^^ are not open to this 
objection and seem conclusive as far as the thyroid may be concerned 
The blood glucose, blood and urinary sugar tolerance, also creatinm 
creatin metabolism were studied in a series of dogs before and after 
thyroidectomy As a result, a marked hypoglycemia, delayed blood 
sugar curve and other metabolic changes were observed These experi- 
ments will be reported in detail and will not therefore be reviewed 
here Suffice it to say that the changes described were quite definite 
and seem to represent the first clear cut demonstration that the aboli- 
tion of the function of an endocrine organ leads to hypoglycemia 
Indeed, the knowledge gained by this work has been applied in the 
present clinical study 

CHEMOPATHOLOGIC CONSIDERATIONS 

The so-called pseudohypertrophy of certain muscle groups is char- 
acteristic of this disease Fulda’s^® view that the muscle enlargements 
are physiologic hypertrophy is not justified by the limited material pre- 
sented by him A real hypertrophy is an increase in the number of 
normal muscle fibers and the bulk of sarcoplasm present in the muscle 
The findings in muscular dystrophy are not these Thus Morpurgo^® 
observed that normal hypertrophied muscle did not show the splitting 
and loss of angular contour of the fibers, proliferation of connective 
tissue and fat deposition exhibited by specimens from muscular dys- 
trophy cases Spiller^'^ in his pathologic studies thought that the many 
nuclei present in dystrophic muscle possibly indicative of growth He, 
however, very properly emphasized that the other histologic anomalies 
were the same changes originally described by Erb, hence degenerative 

32 Bierry, H , and Malloizel, L Compt rend Soc de biol , 1908, 65 , 232 

33 Frank, E , and Isaac, S Ztschr f exper Path u Therap , 1909, 7 , 326 

34 Janney, N W , and Isaacson, V I Proc Soc Exper Biol and Med , 
1917, 14 , 99 

35 Fulda, F Deutsch Arch f klin Med , 1894-1895, 54, 525 

36 Morpurgo, B Virchows Arch f path Anat , 1897, 150 , 522 

37 Spiller, W G Med Rec New York, 1898, 54, 9 
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in character Darkschewitsch^® says that m the various types of mus- 
cular atrophies it is not uncommon to find besides the atrophic fibers, 
others of a size far m excess of normal muscle Hence the nuclear 
pi olif eration observed by Spiller in muscular dystrophy may, in our 
opinion, represent an imperfect effort toward compensation for the 
great number of fibers already atrophied 

The experimental data presented m this article and the foregoing 
discussion emphasize the important part played by the disturbance of 
carbohydrate metabolism m the pathology of muscular dystrophy 
There remains to consider whether this new data will aid us in inter- 
preting the histologic phenomena peculiai to the disease It is known 
how important carbohydrate pabulum is to muscle work and repair 
The blood of muscular dystrophy patients, as we have seen, supplies 
a greatly diminished amount of carbohydrate to the muscles The 
effect can readily be supposed to be a tendency to extensive degenera- 
tion of muscular tissue This might account for the histologic picture 
The lipomatosis of the dystrophic muscle groups is not a result of 
normal catabolism, but is a metabolic phenomenon distinctive of this 
muscle disease The defective carbohydiate metabolism may very 
possibly have a causal connection with these fat deposits, for it is 
known that other organs such as the liver are apt to become the special 
seat of fatty depositions when their carbohydrate metabolism becomes 
abnormal It is a striking fact that the dystrophic pseudohypertrophv 
IS usually limited to certain muscle groups, calves, thighs and deltoids, 
which are used very constantly In explanation, it may be suggested 
that the profoundest metabolic disturbances may take place in such 
muscle groups because their constant activity may render the repair 
processes, already inhibited on account of hypoglycemia, inadequate 
As a result the degenerative changes already described may occur 
This hypothesis seems attractive 

In our senes several cases showed unusual depositions of fat in the 
mammary and inguinal regions The case of Levi and de Rothschild,®® 
quoted by Delille,^® exhibited at the seventh year an aslhemc myopathy 
associated with lipomatosis and other symptoms indicative of endocrine 
disease Such abnormalities in the distribution of fat are piesent in 
other diseases as hypopituitarism, likewise characterized by distur- 
bances in the carbohydrate metabolism Thus it will be remembered 
that 50 per cent of diabetics give a hibtory of previous adiposity 

38 Handbuch der Pathologischen Anatomie des Nerv;ensystems, Berlin, 1904, 
1 , 1259, chapter on “Hypertrophic der Muskeln ” 

39 Levi, L , and de Rothschild, H Rev d’hyg et de med inf , 1907, 6, 309 

40 Dehlle, A L’hypophyse et la Medication Hypophysaire, Pans, 1909 
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QUESTION AS TO WHAT ENDOCRINE GLANDS ARE INVOLVED IN 

MUSCULAR DYSTROPHY 

Opinions as to the nature of the endocrine disfunction are divergent 
Indeed, e\en the pertinent inquiry has been raised by Parhon and 
SavinP^ as to whetlier the ^ arious atrophic ductless glands observed in 
dystrophy cases are primary or secondary Following this line of rea- 
soning these authors devised an ingenious hypothesis tliat the myopathic 
changes of the disease under discussion might be favorably influenced 
by building material already present m the muscle Two children were 
accordingly fed with an extract of fetal muscle Improvement is said to 
have followed this treatment 

Most authors, however, incline to consider a primary endocrine dis- 
turbance Various attempts have been made to elucidate its exact 
nature Thus, Markelofl'*- at Petrograd injected various glandular sub- 
stances into dogs and measured the muscular activit}' with the ergo- 
graph or kymograph on electric stimulation The thyroid, hypophysis, 
suprarenals and testicles were found to stimulate muscular functional 
activity, the remaining endocrine glands being inhibitory As regards 
the special gland involved, there is little accord Pende"*® holds that 
the thymus is involved, suggesting thymic asthma as a cause of the 
dyspneic attacks in muscular dystrophy, calling attention to the splenic 
hyperplasia and transformation of the bone marrow Such dyspneic 
attacks may well be due, however, to the exhaustion of the respiratory 
muscular mechanism 

The theory of Chvostek^^ and of Lundborg^® that the hypersecretion 
and hyposecretion of the parathyroids stands in causative relation to 
myastlienia gravis and tetany, respectively, finds strong opponents in 
Haberfeld^® and other obsen’^ers The effect of opotherapy in the 
asthenias has been discussed by Carnot Claude^® descnbes an instruc- 
tive case of myopathy associated with anomalies described by this 
author as pluriglandular insufficiency and tentatn ely seeks the cause of 
muscular d}strophy m abnormal activity of the hypophysis and pmeal 
glands Gautier^® in making observations on th}roid therap)’- quotes 

41 Parhon, C J, and SaMni, E Rev Neurol, 1914-1915, 22, 1215 

42 Markeloft, G J Russk Vrach, 1913, 12, 1291 For German version 
see Zentralbl f d ges Chir u i Grenzgeb , 1913-1914, 3, 545 

43 Pende, N Endocnnologia, Milan, 1916, p 996 

44 Chvostek, F Wien klin Wchnschr , 1908, 21, 37 

45 Lundborg, H Deutsch Ztschr f Nervenh , 1904, 27, 217 

46 Haberfeld, W Virchows Arch f Path Anat , 1911, 203, 282 

47 Carnot, P Opotherapie, Monograph Pans, 1911 

48 Qaude, H Rev neurol , 1911, 21, 257 

49 Gautier, G L’opotherapie tlijroidemie, monograph, Pans, 1913 
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Lepine’s®° and Egger’s®^ favorable results m cases of primary myopathy 
Levi and de Rothschild, again, publish their favorable results on pri- 
mary myopathies with hypophysis gland preparations McCrudden and 
Sargent’s patient improved on epmephrin and pituitnn 

In our own series roentgenographic studies were made with a view 
of determining a possible pineal involvement In two cases only were 
distinct shadows found in locations ascribed to the pineal That these 
shadows represent actual pathologic conditions in the pineal body is 
open to serious question Timme®^ in an interesting paper reports a 
probable pineal involvement in four cases from the same family This 
author calls attention to the muscular weakness observed in pineal dis- 
ease and emphasizes the possible pineal origin of certain cases of mus- 
cular dystrophy 

The thyroid gland seems in some instances to bear a relation to 
muscular d 3 fstrophy The similarity of the osseous changes in muscular 
dystrophy and thyroid disease has been alluded to previously Boveri®® 
has reported several muscular dystrophy cases in which exophthalmic 
goiter was also present Von Werdt’s®^ case of muscular dystrophy 
was found to have at postmortem a colloid struma of the thyroid and 
changes in other ductless glands Prager’s®® case was evidently one of 
muscular dystrophy in a hyperthyroid subject 

In our own series the one positive clue as to the involvement of a 
special endocrine gland was presented by Case 9 In this case there 
was a definite combination of acromegaly with the typical pseudohyper- 
trophic lesions of muscular dystrophy This case is strong evidence in 
favor of a causative connection between dyspituitarism and muscular 
dystrophy Bregman®® also mentions among his several cases a boy of 
19 years affected with the so-called heredity type of dystrophy whose 
hands and feet presented a disproportionate development of the bony 
framework which did not fit in with the otherwise very delicate con- 
figuration of the body Similar observations were made by Eulenberg®' 
and were referred by him to atrophic changes in the bone system in 
analogy with the muscular changes 

Awkward as this is from the standpoint of therapy, we must face 
the possibility of muscular dystrophy and perhaps other so-called pri- 
mary myopathies being in reality merely symptom complexes caused 

50 Lepine, R Lyon med , 1896, 82, 35 

51 Egger, F Arch f Psychiat , 1896-1897, 29, 400 

52 Timme, W The Archives Int Med , 1917, 19, 79 

53 Boven, P Semame med , 1910, 30, 145 

54 Von Werdt, F Frankfort Ztschr f Pathol , 1908-1909, 2, 577 

55 Prager, M Dissertation (Erlangen) Furth, A Schroeder, 1891 

56 Bregman, L E Deutsch Ztschr f Nervenh , 1898-1899, 14, 254 

57 Eulenhurg, A Deutsch Med Wchnschr , 1896, 22, 458 
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by deficient function, not of one but of various endocrine organs sepa- 
rately or comcidently affected This view seems reasonable when one 
considers that the symptoms which are known to represent dysfunction 
of one endocrine gland are often very similar or identical with the 
manifestations of the affection of another ductless gland Thus, stop- 
page of growth, adiposity and defective bone formation are known to 
result from lesions of either pituitary, thyroid or sex glands If then, 
these symptoms are connected with such widely different organs, it 
seems not improbable that muscular dystrophy may likewise prove to 
represent a symptom complex capable of being caused by dysfunction 
of various ductless glands singly or together Therefore, we do not 
ascribe musclar dystrophy to hypothyroidism, as might seem justified 
from our experiments already alluded to The fact that the hypoph- 
ysis was unquestionably affected in one case and the pineal possibly 
in two others, illustrates how difficult it would be to explain our series 
of cases on a hypotliyroid or hypophysis basis Finally, it is hoped 
that the present research may, in helping to establish the endocrine 
origin of muscular dystrophy, serve to stimulate therapeutic efforts as 
well as metabolic investigations of the so-called primary myopathies 
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STUDIES IN ACUTE NEPHRITIS- 
EDWARD H MASON, MD 

MONTREAL, QUE 

In this communication I wish to present certain observations 
recently made on three cases of acute nephritis that were admitted to 
the medical ■\\ards of the Royal Victoria Hospital The patients were 
admitted at the onset of the condition and were studied until conval- 
escence was well established Two of the cases have been subsequently 
followed for a prolonged period Observations were made as nearly 
simultaneously as possible by four methods which I behbve give the 
most valuable data obtainable in kidney function studies These four 
methods are (1) the test meal, (2) the estimation of the rate of excre- 
tion of urea, (3) the determination of the calculated and actual blood 
plasma chlorids in coordination with their rate of excretion, and (4) 
the phenolsulphonephthalem test 

The Nephntic Test Meal — The nephritic, or better the kidney 
function, test meal, as first advanced by Hedinger and Schlayer,^ and 
later elaborated by MosenthaP and O’Hare,” has proved to be of great 
value in estimating the ability of the kidney to eliminate fluid, salt and 
nitrogen After a study of some 200 meals, given m this clinic accord- 
ing to the Mosenthal technic, I think that the total balances of fluid, 
salt and nitrogen aie of little value, as in most cases the intake is 
accurately known only during the twenty-four hours of the test The 
three points which I consider to be of the most importance are (a) the 
volume of the night urine, (b) the variation of specific gravity through- 
out the twenty-four hours, and (c) the concentration of nitrogen at 
night Even the last point, the ability of the kidneys to concentrate 
nitrogen at night, must be considered conservatively, since MosenthaP 
lecently has shown that there are certain kidneys, apparently normal in 
all other respects, that fail in this function 

Excietion of Uiea and of Chlojids — The rates of excietion of 
urea and of chlorids have been studied according to McLean’s® method 
For the former, we have derived both his index and the Ambard con- 

’■'Frotn the medical Clinic of the Royal Victoria Hospital 
=* I should like to express my appreciation of a grant from the James Cooper 
Fund of McGill University which made this work possible 

1 Hedinger and Schlayer Deutsch Arch f khn Med , 1914, 114 , 120 

2 Mosenthal The Archives Int Med , 1915, 16 , 733 

3 O’Hare The Archives Int Med, 1916, 17 , 711 

4 Personal Communication 

5 McLean Jour Exper Med , 1915, 22, 212 
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stant, for the latter, the calculated and actual blood plasma chlorids, 
as well as the chlond threshold 

The Phenolsulphonephthalein Test — The phenolsulphonephthalem 
test has been performed according to Rowntree and Geraghty’s° origi- 
nal technic, 0 006 gm of the dye being injected intramuscularly into 
the lumbar region and ten minutes allowed for the dye to reach the 
kidneys One and two hour specimens were collected 

The methods used are for 

Total Nitrogen Kjeldahl-Gunning modification 

Urea Van Slyke and Cullen’s’’ modification of Marshall’s urease 
method 

Ammonia Folin’s® miciomethod 

Chlorids (in both blood plasma and urine) McLean and Van 
Slyke’s° method 

Blood Sugar Lewis and Benedict’s^® original technic 

REPORT OF CASES 

A brief synopsis of the three cases follows, and the laboratory 
notes are given in full 

Case 1 (Medical No 24738) History — A man, aged 55, was admitted to 
the Royal Victoria Hospital, Oct 24, 1916, complaining of swelling of feet and 
legs, shortness of breath, and headache 

The patient was in usual health until four days previously, when he noticed 
swelling and soreness of the left ankle The next day his right ankle also 
became sore and swollen, which was followed by a generalized edema of both 
legs At this time he began to suffer from headaches and shortness of breath 
on exertion Two days later the headaches became much worse His personal 
history was negative except that he had scarlet fever when a child, and there 
was nothing of importance in his family history 

E\amination — He was a well developed, middle aged man, the muscles 
were of good tone, but he was unable to lie on the left side without coughing 
and becoming dyspneic The digestive, genito-urmary, locomotor and integumen- 
tary, lymphatic and nervous systems were normal, also the fundi were normal 

Respiratory System At the right base behind there was a triangular area 
of dulness extending upward to the level of the seventh dorsal spine and laterally 
to the anterior axillary line Over this area the percussion note was flat, tactile 
fremitus was absent, and breath and voice sounds were much diminished 

Cardi of Circulatory System The pulse was regular but tension was 
increased The cardiac transverse dulness was 14 cm at the level of the fourth 
space, otherwise negative 

Temperature and Pulse On admission there was a slight evening tempera- 
ture of 100 F , which dropped very gradually, reaching the normal on Novem- 
ber 27 While the evening temperature was present the pulse rate averaged 
from 90 to 100, dropping to a level of from 70 to 80 as the temperature fell 


6 Rowntree and Geraghty The Archives Int Med , 1912, 9, 284 

7 Van Slyke and Cullen Jour Biol Chem , 1914, 19, 211 

8 Folin and MacCallum Jour Biol Chem , 1912, 11, 523 

9 McLean and Van SUke Jour Biol Chem , 1915 21, 361 
10 Lewis and Benedict Jour Biol Chem , 1915, 22, 61 
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TABLE 1 — A Record of the Observations Made on the Rate of— 

Case 1 Medical No 2473S- 




M 

m 

Urea 

Date 

Weight, 

Kg 

Gm per 
Liter 
of Blood, 
Dr 

Gm per 
Liter 
of Urine, 

0 

Gm per 

24 

Hours 

D 

McLean’s 

Index 

Ambard 

Constant 

10/28/16 


\ 

\ 






11/ 6/16 

69 8 

2,160 

0858 

14 16 

20 57 

17 0 

0194 

11/14/16 

66 4 

3,456 

0 870 

10 00 

34 56 

19 6 

0181 

11/20/16 

65 9 

3,000 

0 852 

716 

21 48 

10 8 

0 243 

12/ 1/16 

63 2 

3,883 

0 780 

2 97 

1165 

4 6 

0 371 

12/ 8/16 

62 0 

4,992 

0 810 

207 

10 33 

32 

0 442 

12/14/16 

611 

3,744 

0 810 

297 

nil 

43 

0 891 

12/2S/16 

608 1 

2,880 

1530 

919 

28 51 

52 

0 329 

1/ 2/17 

60 9 

3,768 

1140 

4 96 

18 43 

48 

0 870 

1/10/17 

59 5 

4,176 

0 600 

2 94 

12 26 

89 

0 269 

1/13/17 

604 

5,112 

0 570 

165 

8 43 

46 

0 370 

1/25/17 

60 2 

4,872 

0 420 

2 37 

11 54 

15 0 

0212 

2/ 2/17 

63 9 

3,792 

0390 

5 37 

20 35 

43 5 

1 

0110 

2/ 9/17 

63 9 

4,104 

0 570 1 

4 74 1 

1 

19 45 ' 

1 

18 4 

0188 

2/10/17 

64 1 

3,792 

0 480 

4 08 

15 46 

19 0 

0185 

2/23/17 

65 7 

6,472 

0 540 

4 65 

25 44 

25 7 

0159 

3/ 9/17 

66 4 

5,592 

0 660 

4 65 

25 99 

17 4 

0192 

3/24/17 

667 

1,800 

0 630 

i 14 34 

1 

25 81 

331 

0139 

4/ 6/17 

76 5 

2,568 

0 510 

10 06 

25 82 

42 0 

0124 

4/20/17 

68 3 

4,320 

0585 

666 

28 77 

28 5 

0149 

5/ 4/17 

684 

3,696 

0 510 

1 7 74 

i 

28 56 

40 0 

0126 

5/18/17 

63 5 

5,328 

0 630 

411 

2189 

14 7 

0 210 

6/ 1/17 

69 2 

2,040 

0 585 

14 04 

28 64 

40 5 

0126 

6/22/17 

67 5 

5,000 

0 585 

5 29 

26 45 

23 5 

0165 

7/ 6/17 

681 

3,552 

0 540 

399 

14 16 

12 7 

0 226 
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— Urea and Chlorid Excretion and on Phenolsulphonephthalein Test 
—D iagnosis Acute Nephritis 


Sodium Ohlorid 

Thresh- 

old 

Phenol- 
sulphone- 
phthalein, 
Tavo 
H ours, 
per Cent 

Remarks 

Gm per 
Liter 
of Urine, 

0 

Gm per 

24 

Hours, 

D 

Gm per Liter of Plasma 

Oalcu 

lated 

Actual 

Differ 

ence 







86 

Edema of lower limbs 

2 61 

564 

6 695 

6 656 

+0 861 

6 381 


Albumin =: 8 gm per 








liter 

816 

10 87 

5 964 

% 

6 687 

+0 723 

6 343 



31 

7 65 

6 840 

6126 

+0 285 

6 905 



168 

6 52 

6 798 

5 937 


5 769 

Trace 

Albumin, 2 gm per liter 

2 43 

12 13 

6 888 

6 937 

+0 039 

6 669 

Trace 


14 

5 23 

6 776 

6 687 


5 532 

16 


26 

7 48 

6 887 

6 25 

+0 413 

6 033 

20 


24 

904 

5 853 

6 60 

+0 647 

6 267 


No red blood cells 

10 

417 

5 748 

6 47 

—0 278 

5 342 

24 

Jan 9,1917, theophyllin. 








15 grains 

0 62 

316 

5 718 

6 062 

+0 344 

5 964 


Albumin, a trace 

162 

7 87 

5 819 

6 062 

+0 243 

5 863 

41 

Discharged Jan 27, 1917 

6 94 

26 30 

6126 

7 062 

+0 936 

6 550 

42 

Ate extra salt 

60 

24 62 

6 092 

7 062 

+0 97 

6 59 

40 


3 25 

12 31 

5 906 

6 750 

+0 844 

6 464 


Albumin = 0 

3 37 

18 43 

5 969 

6 625 

+0 656 

6 276 

40 


3 4 

19 01 

6 973 

6 437 

+0 464 

6 084 

46 


87 

16 66 

6 024 

6 625 

+0 601 

6 221 

41 


62 

16 92 

6 992 

6 625 

+0 633 

6 253 

34 


58 

24 19 

6 065 

6 312 

+0 247 

5 867 

51 

Albumin =0 

57 

2106 

6 037 

6 312 

+0 275 

5 895 

41 


24 

12 78 

5 881 

6 000 

+0119 

5 739 


Albumin, a trace 

77 

15 70 

6 006 

6 062 

+0 056 

5 676 

61 


26 

13 0 

689 

6 937 

+0 047 

5 667 

57 

Albumin = 0 

16 

5 68 

5 778 

5 625 

— 0 153 

5 467 

56 
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Blood Pressure Oct 24, 1916, the systolic pressure was 150, and the dias- 
tolic 115 mm of mercury These gradually dropped, the most prompt reduction 
talcing place in the diastolic pressure 


Blood Pressure 


Date 

Systolic 

Diastolic 

Nov 20, 1916 

140 

100 

Jan 4, 1917 

140 

90 

Jan 10, 1917 

135 

90 

Jan 15, 1917 

130 

95 

Jan 25, 1917 

130 

90 

Feb 3, 1917 

150 

no 

March 9, 1917 

144 

92 

April 20, 1917 

140 

90 

May 4, 1917 

124 

90 

June 1, 1917 

126 

80 


Blood Oct 26, 1916, the red blood cell count was 4,200,000, white blood 
cell count, 9,400, and the hemoglobin 50 per cent (Sahli) 

Urine Oct 24, 1916 The urine was of an amber color with a “smoky” 
appearance, acid in reaction, with a specific gravity of 1,021 There were 8 gm 
per liter of serum albumin and the microscopic examination showed large 
numbers of red blood cells, granular and cellular casts 

Oct 28, 1916, 1,650 c c of opalescent, yellowish fluid were withdrawn from 
the right pleural cavity The specific gravity was 1 012 and it contained 200 
cells per cubic millimeter, mostly small mononuclears 

The results of the study of the kidney function are shown m the accompany- 
ing tables Table 1 gives the observations made on the rate of urea and chlorid 
excretion as well as on the phenolsulphonephthalein test The diet throughout 
the period of these observations is shown m Table 2, the dates indicating a 
change 


TABLE 2 — The Diet Given Throughout the Period of Observations 

Recorded in Table 1 


Date 

Diet 

Sodium 

Chlorid 

Fluid 

Total, 

Cc 

1 

10/31/16 

Hestrlcted protein 


1,000 

11/11/16 

Low protein diet , 

Salt free 

1,000 

12/ 8/16 

Low protein diet 

Salt free ^ 

1 1 

2,000 

12/12/16 

Protein, B2, fat, 60, carbohydrate, 100 

Salt free 

2,000 

12/17/16 

Protein, 60, fat, 65, carbohydrate, 150 

Salt free 

2,000 

12/29/17 

Low protein diet 

Salt free 

2,000 

1/26/17 

Protein, 52, fat, 60, carbohydrate, 100 

Salt-free 

2,000 

1/27/17 

discharged 

Restricted protein 

Restricted salt 
In cooLing, no 
free salt 



Three nephritic test meals that show the changes in function in relation to 
the rate of excretion of urea and chlorids are given in full The first was 
administered during the period of acute inflammation, the second during that of 
greatly impaired function, and the third at the time of convalescence 
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TABLE 3 — Results Observed After the Administration of 
Nephritic Test Meals 

Case I Nov 15, 1916 Meal given during the penod of acute inflammation 


Time of 

Day 

Urine, 

Cc 

Specific 
Gravity i 

Sodium Ohlorld 

Nitrogen 

Per Cent 

Gm 

Per Cent 

Gm 

8-10 

122 

1015 





10-12 

170 

1014 





12- 2 

165 

1015 

i 




2- 4 

160 

1014 





i 

4- 6 

170 

1015 





6- 8 

140 

1015 





Total day 

927 


0 290 

2 67 

0 574 

5 30 

_Night, 8-8 

960 

1013 

0 418 

4 03 

0 539 

518 

Total 24 hours 

1,887 



6 70 


10 48 

Intake 

1,760 



84 


13 4 

Balance 

—127 



+17 


+2 92 


Case 1 Jan 20, 1917 Meal given during period of greatly Impaired function 


8-10 

10-12 

12- 2 

2- 4 

4- 6 

6- 8 

168 

118 

33 

79 

121 

106 

1013 

1016 

1019 

1020 

1,016 

1018 





Total day 

625 


0 318 

197 

0 371 

2 30 

Night, 8-8 

620 

1016 

0 328 

193 

0 387 

! 2 39 

! 

Total 24 hours 

1,245 



3 90 


4 69 

Intake 

1,760 



85 


13 4 

Balance 

+515 



+4 6 


+8 71 


Case 1 March 23, 1917 Meal given during convalescence 


8-10 

103 

1 

1022 



1 


10-12 

62 

1024 

1 





12- 2 

98 

1025 





2- 4 

104 

1026 





4- 6 

118 

1025 





6- 8 

130 

1023 





Total day 

615 


0 77 

4 69 

0 97 

5 91 

Night, 8-8 

517 

1024 

0 66 

3 36 

1 02 

5 20 

Total 24 hours 

1,132 



8 05 


11 11 

Intake 

1,760 



85 


13 4 

Balance 

+628 



+0 45 


+2 29 
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Case 2 (Medical No 25374) History — K man, aged 30, was admitted to 
the Royal Victoria Hospital, March 6, 1917, complaining of “Cold in the chest” 
His present illness began ten days previously with a cold that was rapidly 
followed by a severe sore throat, hoarseness, and cough with expectoration 
With the onset of cough he had several slight chills followed by sweats For 
the previous week the urine had been of a dark brown color His personal and 
family history were unimportant 


TABLE 4 — Results of the Studies Made on the Rate of Urea and— 

Case 2 Medical No 26374— 




Urine, 
per 24 
Hours, 

Oe 

Urea 

Date 

Weight, 

Kg 

Gm per 
Liter 
of Blood, 
Ur 

Gm per 
Liter 
of Urine, 

0 

Gm per 

24 

Hours 

D 

McLean’s 

Index 

Ambard 

Constant 

3/ 9/17 

76 0 

1,104 

0 640 

10 78 

1188 

16 8 

0203 

3/15/17 

75 4 

1,534 

0 570 

17 38 

27 52 

42 0 

0124 

3/28/17 

71 4 

936 

0 555 

23 4 

2184 

43 0 

0122 

4/ 4/17 

71 7 

1,056 

0360 

18 79 

19 82 

83 0 

OOS8 

4/10/17 

70 4 

1,632 

0 435 

1 17 44 

1 

28 44 

800 

00S9 

4/17/17 

717 

1,920 

0 845 

12 28 

23 67 

87 0 

00S8 

4/24/17 

717 

4,368 

0 352 

768 

33 63 

94 0 

OOS3 

0/ 1/17 

713 

2,712 

0 285 

10 0 

27 12 

183 0 

0069 

6/ 8/17 

72 3 

864 

0 270 

16 2 

13 99 

95 0 

0082 

5/16/17 

72 6 

1,464 

0 255 

13 63 

19 15 

135 0 

0069 

♦ 


Examination He was a well developed and nourished young man The 
physical examination was negative except for an inflamed throat and diffuse, 
large, moist rales over both sides of the chest The fundi were normal 

On admission the temperature was 101 F, but it rapidly dropped to an 
evening temperature of 99 F , which was maintained until March 23 

Blood Pressure Systolic, 130, diastolic, 70 Further estimations failed to 
show any variations 

Urine March 7, 1917, this was observed to be brown and “smoky” with a 
specific gravity of 1 015 , there were 4 gm of albumin per liter, with red blood 
cells, cellular and granular casts 

Table 4 gives the results on the rate of urea and chlorid secretion and the 
phenolsulphonephthalem test 

Case 3 (Medical No 24890) History — A boy, aged 15, was admitted to the 
Royal Victoria Hospital Dec 3, 1916 The patient complained of swelling of 
face and ankles and difficulty in passing urine He was m usual health until 
twelve days previously, when he caught cold At the onset he had chilly sen- 
sations and his face and ankles became swollen He had no polyuria, but during 
the previous week micturition had been painful The patient had scarlet fever, 
with a normal convalescence, when 5 years of age The family history was 
unimportant 

Examination The patient was a fairly well nourished boy, the mucous mem- 
branes were pale and around both eyes and ankles there was marked edema 
The examination was otherwise negative The temperature was normal, also 
the fundi 
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Blood 

Date 

Dec 4, 1916 
March 2, 1917 
April 20, 1917 
May 4, 1917 


Pressure 


Systolic 

Diastolic 

130 

80 

140 

88 

120 

60 

128 

88 


— OF Chlorid Excretion and the Phenolsulphonephthalein Test 


— ^Diagnosis Acute Nephritis 


Sodium Ohlorid 

Thresh- 

old 

Phenol 
sulphone 
phthalein. 
Two 
Hours, 
per Cent 

Remarks 

Gm per 
Liter 
of Urine, 

C 

Gm per 

24 

Hours, 

D 

Gm per Liter of Plasma 

Calcu 

lated 

! 

Actual 

Differ 

ence 

25 

2 76 

5 736 

6 125 

+0 389 

6 009 

59 

Slight edema of legs, 








albumin = 4 gm per 

4 56 

7 20 

584 

6 562 

+0 722 

6 342 

79 

liter 

35 

3 27 

5 763 

6 50 

+0 737 

6 357 

72 


3 87 

40S 

5 783 

5 875 

+0 092 

5 712 

73 

Albumin = 2 gm per 








hter 

337 

5 49 

5 804 

5 843 

+0 039 

5 659 

74 


4 81 

9 23 

5 879 

5 906 

+0 027 

5 647 

75 

Albumin, a trace 

412 

17 97 

sm 

6 200 

+0 234 

5 966 



5 68 

15 40 

5 968 

5 812 

—0156 

5 464 

48 


718 

619 

5 853 

5 937 

+0 084 

5 704 

81 

j 

9 93 

14 53 

6 006 

6 062 

+0 056 

5 676 

85 

Discharged Albumin a 








trace 


TABLE 5 — Thf Diet Prescribed in Case 2 During the Study 
OF THE Kidney Excretions 


Date 

Diet 

Sodium 

Chlorid 

Pluid 

Intake, 

C c 

3/ 6/17 

Restricted protein 

Salt- free 

1,500 

3/14/17 

Protein, 52, fat, 73, carbohydrate, 118 

Salt free 

1,500 

3/20/17 

Protein, 64, fat, 86, carbohydrate, 187 

Salt free 

1,5C0 

4/11/17 

Protein, 80, fat, 90, carbohydrate, 250 

Salt free 

1,500 


Two nephritic test meals, one shortly after admission and one late in con- 
valescence, are given in full The second shows a marked impairment of 
function 

Blood Dec S, 1916, the red blood cell count was 3,305,000, white blood cells, 
7,000, and the hemoglobin was 55 per cent (Sahli) 

Urine Dec 4, 1916, the color was reddish amber, specific gravity 1,020, 
with 6 gm of albumin per liter Microscopically there were many red blood 
cells, granular and cellular casts 

Table 8 gives in full the urea and chlorid studies and the phenolsulphone- 
phthalem tests 
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TABLE 6 — Record of Results Following Nephritic Test Meals 


Case 2 March 8, 1917 Administered shortly after admission 


Time of 

Day 

Urine, 

Oc 

Speciflc 

Gravity 

Sodium 

Chlorid 

Nitrogen 

Per Cent 

Gm 

Per Cent 

Gm 

8-10 

131 

1 018 





10-12 

155 

1 017 





12- 2 

190 

* 1 016 


1 



2- 4 

135 

1 015 



1 


4- 6 

1G8 

1016 


1 

1 


6- 8 

185 

1 015 





Total day 

968 


0 26 

2 52 

0 886 

650 

Night, S-8 

720 

1 

1018 

0 22 

1 68 

0 992 

7 04 

Total 24 hours 

1,683 



4 10 


16 54 

Intake 

1,760 



76 


13 4 

Balance 

+72 



+3 4 

j 

—214 


Case 2 May 14, 1917 Administered late m convalescence 


8-10 

111 

1026 





10-12 

112 

1 023 





12- 2 

145 

1 018 





2- 4 

171 

1 016 





4- 6 

116 

1020 



i 


6- 8 

118 

1023 



1 


Total day 

773 


0 72 

5 58 

0 63 

4 90 

Night, 8-8 

740 

1018 

0 62 

4 62 

1 

0 62 

4 59 

Total 24 hours 

1,513 



10 20 


9 49 

Intake 

1,760 



85 


13 4 

Balance 

+247 



—1 70 


+3 91 
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DISCUSSION OF RESULTS 

The first two cases may be grouped together, as they both show an 
involvement of the kidney’s ability to eliminate nitrogen and chloiids, 
while the third may be considered to be a true chlorid case 

Case I Impatunent tn Rate of Ui ea Exa etion with Convalescence 
— In this case the main point that I wish to emphasize is the marked 
impairment in the rate of urea and of phenolsulphonephthalem excre- 
tion starting on December 1 Simultaneously the actual concentration 
of blood plasma chlorid and the level of the chlorid threshold show a 
return to practically normal figures This prolonged extreme impair- 
ment in the rate of urea excretion first appeared at the time when the 
patient started to show marked improvement in the general clinical 
condition From December 1 to January 13, clinically, he improved 
rapidly, his anemia disappeared, strength returned and hematuria 
rapidly subsided The hematuria had completely disappeared by 
January 2, and the albuminuria, 8 gm per liter at the onset, had 
dropped to a slight trace At no time was there any serum globulin 
in the urine 

Case 2 — Steady Impi ovement m Function — In contrast to the find- 
ings in Case 1 are those of Case 2, m which there was no slump in 
function, the rate of urea and of phthalem excietion improving from 
the onset The general clinical condition of the patient ran parallel 
to the functional findings On considering this point I believe that the 
marked and prolonged slump m function, as shown in Case 1, was due 
to a subsidence of the acute inflammatory condition present in the 
kidneys at the onset Evidently, if an acute nephritis is severe enough, 
the function is hyperactive As the inflammation subsides and the 
stimulation is removed the kidneys display a function which is more 
truly an index of the actual state of affairs This is the critical period 
m any case of acute nephritis, as it is during this prolonged rest that 
great care must be taken not to overstrain the exhausted function 
That this low level of function is often of much longer duration than 
supposed might be indicated by the results in Case 1 

In contrast to Case 1 are the findings m Case 2, in which there is no 
slump, but a steady improvement in function This is explained, I 
believe, by the fact that the original inflammation was not severe 
enough to cause a hyperactive organ, rather the rate of urea excretion 
was 111 proportion to the disturbed process, and accordingly became a 
true index of the severity of the condition Such would be the findings 
in the milder types of acute nephritis Nevertheless, the function, as 
shown by the second test meal, has not improved to such an extent as 
the results in the rate of excretion of urea and of chlorids would 
indicate 
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TABLE 7 — Record in Detail of the Studies Respecting Urea— 

Oase 3 Medical No 248C0- 




Urine, 
per 24 
Hours, 

Oc 

Urea 

Date 

Weight, 

Kg 

Gm per 
Liter 
of Blood, 
Ur 

Gm per 
Liter 
of Urine, 

0 

Gm per 

24 

Hours 

D 

McLean’s 

Index 

Ambard 

Constant 

12/ 4/16 

600 

4,800 

0 42 

12 67 

60 81 

220 

0054 

12/ 8/16 

47 7 

2,722 

0 27 

64 

14 64 

88 

0065 

12/20/16 

40 8 

3,936 

0 46 

7 87 

30 96 

98 

0031 

1/ 2/17 

40 0 

1,440 

0 45 

18 61 

26 64 

124 

0072 

1/13/17 

40 7 

1,056 

0 39 

1812 

18 91 

117 

0074 

1/26/17 

411 

10,968 

018 

0 51 

6 69 

27 

0167 

2/ 2/17 

407 

1,680 

0 86 

15 63 

26 26 

177 

OOCO 

2/ 9/17 

40 6 

1,368 

080 

17 82 

24 37 

262 

0 055 

2/16/17 

40 8 

370 

0 27 

25 65 

9 48 

144 

0069 

3/ 2/17 

43 2 

2,496 

0135 

609 

1619 

427 

0 039 

3/16/17 

45 4 

5,760 

012 

2 23 

12 84 

264 

0 049 

4/ 6/17 

471 

1,320 

0 265 

18 01 

23 76 

295 

0047 

4/20/17 

47 5 

1,296 

0255 

13 02 

16 93 

178 

OOCO 

6/ 4/17 

47 4 

1,848 

0 315 

20 32 

37 53 

324 

0 044 

6/18/17 

48 2 

5,424 

0 265 

604 

82 13 

192 

0058 

6/ 1/17 

47 6 

2,160 

0285 

12 85 

27 75 

231 

0053 

6/22/17 

601 

972 

028 

22 76 

22 10 

238 

0 052 

7/ 6/17 

46 9 

4,080 
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— AND Chlorid Excretion and the Phenolsulphonephthalein Tests 


—Diagnosis Acute Nephritis 


Sodium Ohlorid 

1 

Thresh- 

old 

Phenol 
sulphone 
phthalein. 
Two 
Hours, 
per Cent 

Remarks 

Gm per 
Liter 
of Urine, 

0 

Gm per 

24 

Hours, 

D 

Gm per Liter of Plasma 

Oalcu 

lated 

Actual 

1 Differ- 
ence 

612 

29 37 

6 205 

6 875 

1 

+0 67 

6 29 

36 

Edematous 

566 

15 07 

604 

6 937 

+0 897 

6 617 


Alhumm = 6 gm per 








liter 

1 68 

66 

6 842 

7162 

+1320 

6 940 

81 


3 56 

511 

5 856 

6 900 

+1044 

6 664 

81 


2 87 

3 02 

6 792 

6 626 

+0 833 

6 453 


Jan 25, 1917, theophyl 








lin, 16 grains 

0 62 

684 

6 796 

6 718 

+0 922 

6 642 


Albumin = 2 gm per 








liter 

6 45 

10 82 

602 

6 875 

+0 855 

6 475 



718 

9 82 

6 011 

6 750 

+0 739 

6 359 


Albumin = 05 gm pe: 








liter 

4 87 

179 

5 771 

6 687 

+0 916 

6 536 

85 

Feb 22, 1917, discharged 

4 43 

1104 

5 977 

6 562 

+0 586 

6 205 

74 


206 

1186 

6 890 

7 037 

+1 147 

6 767 

89 

Ate extra salt 

6 62 

9 73 

6 974 

6 626 

+0 651 

6 271 

82 

Albumin, heavy trace 

713 

9 24 

5 970 

5 969 

—0 001 

5 619 

65 


268 

4 95 

5 821 

6 062 

+0 241 

6 861 

80 


212 

1152 

5 907 ' 

6 062 

+0 155 

5 775 



337 

7 29 

5 877 

5 812 

—0 065 

6 655 

84 


60 

383 

6880 

5 625 

—0 256 

6 365 

83 

Albumin, a trace 

13 

6 30 

5 776 

5 437 

—0 338 

5 262 

86 
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TABLE 8 — Dim in Connection with the Observations 
Recorbed in Table 7 


Date 

Diet 

Sodium 

Chlorid 

Pluld 

Intake, 

Oc 

12/10/16 

Protein, 61, fat, 85, carbohydrate, 127 

Salt-free 

1,500 

12/17/16 

Protein, 82, fat, 91, carbohydrate, 139 

Salt free 

1,500 

1/17/17 

Low protein diet 

Salt-free 

1,500 

1/27/17 

Protein, 82, fat, 91, carbohydrate, 139 

Salt free 

1,500 

2/13/17 

Protein, 79, fat, 119, carbohydrate, 149 

Salt free 

1,900 


The results of the study of one nephritic test meal carried out on admission 
IS recorded in Table 9 

TABLE 9 — A Study of the Results Following a Nephritic Test Meal 


Oaso 3 Dee 4, 1916 


Time of 

Day ' 

Urine, 

Oc 

Specific 

Gravity 

Sodium Chlorid 

Nitrogen 

Per Cent 

Gm 

Per Cent 

Gm 

8-10, 10-12 

192 

1019 





12- 2 

120 

1019 





2- 4 

105 

1020 





4- 6 

129 

1020 





6-8 

1 

140 

1 

1019 

j 




Total day ■ 

686 

1 


060 

4 OS 

100 

6 86 

Night, 8-8 

375 

1018 

058 

214 

0 85 

314 

Total 24 hours 

1,061 



I 622 

1 


10 00 

Intake 

1,680 



82 


94 

Balance 

-P619 



-PI 98 


—06 


Case 5 Functional Disturbances Confined to Excretion of Chloads 
— The third case is one in which the chlorid function is at fault and 
demonstrates rather well the possible duration of the disturbance even 
when on a salt-free diet, since it requires six months to bring the 
threshold to a normal level Throughout, the rate of urea excretion 
was not impaired The phenolsulphonephthalem, except for the first 
estimation on December 6, remained within normal limits 

Edema — All three of the cases showed a moderate amount of 
edema on admission This condition was most marked in Case 3 The 
edema disappeared long before the chlorid threshold had reached nor- 
mal levels, but did not reappear when at a later date their levels became 
temporarily raised Serum globulin failed to show in the urine in 
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Case 3, and the blood cholesterol remained normal, which would 
exclude it from the group of cases recently described by Epstein 
Relation of Nephiitis to Glucose Threshold — The raised level of 
the glucose threshold present in many cases of acute nephritis is well 
shown m Case 1, in which, after 100 gm of glucose were administered 
by mouth on a fasting stomach, the following results were recorded, 
November 8 


11 50 a m 0 100 per cent No glucose 

12 00 noon 100 gm glucose m black coffee 

1 00 p m 0 184 per cent No glucose 

2 00 p m 0217 per cent No glucose 

3 00 p m 0 170 per cent Faintest trace 

4 00 p m 0 111 per cent No glucose 


On November 28 the test was repeated with the following results 


7 45 a m 

0090 per cent 

No glucose 

8 00 a m 

100 gm glucose in black coffee 


9 00 a m 

0 152 per cent 

No glucose 

10 00 a m 

0 156 per cent 

No glucose 

11 00 a m 

0 122 per cent 

No glucose 

12 00 noon 

0 120 per cent 

No glucose 

2 00 p m 

0080 per cent 

No glucose 


The foregoing results would indicate that the block for glucose was 
present only during the period of stimulation 

Action of Theophyllm — There is another point which I wish to 
present In Case 1, 15 grains of theophyllm (theocm) were admin- 
istered by mouth January 9, which was followed by a very marked 
diuresis lasting for two days Simultaneously with this diuresis the 
level of the chlorid threshold dropped to 5 342 gm per liter, January 
10, returning to 5 964 gm per liter January 13 In Case 3, also, 15 
grains of theophyllm were administered by mouth January 25, but 
there was no diuresis, and the chlorid threshold, January 26- was 
slightly raised to 6 542 gm per liter Simultaneously the McLean 
index fell from 117 to 27 This would indicate that in Case 3 the 
kidney failed to respond to the drug, accordingly showing an impair- 
ment of function lather than an improvement Following up these 
suggestions I have tried the action of theoph 3 dhn on normal and 
pathologic kidneys with results that seem to indicate that the drug 
acts on the chlorid threshold, allowing the chlorids to pass out of the 
blood stream, as well shown in Case 1 in which the blood plasma chlorid 
dropped from 6 50 to 5 47 gm per liter, the water following 

In no case m which diuresis was not obtained was there a lowering 
of the chlorid threshold Usually when there was no diuresis the 
chlorid threshold became markedly raised and the rate of urea excre- 
tion impaired This is well shown in a chlorid case of chronic nephritis 


11 Epstein Tr A M A , June, 1917 
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(Med No 25180) in which there was no diuresis, the chlorid threshold 
going from 6 1 14 to 6 640 gm per liter, with a drop in the rate of urea 
excretion from 212 to 6 9 (McLean’s index) Further observations 
are being conducted on the action of theophyllm which will be reported 
at a subsequent date 

SUMMARY 

Studies have been conducted on three cases of acute nephritis which 
demonstrate the following points 

1 In very severe cases of acute nephritis the kidney function 
during the early stages is much better than the actual state of the 
kidneys would seem to warrant This is due to the increased stimula- 
tion from which they are suffering 

2 With the subsidence of the inflammation the function tends to 
fall to a very low level, which level is more truly an index of the kidney 
state As convalescence is established this level tends to return to that 
at which the kidneys remain permanently damaged This “slump” in 
function takes place simultaneously with a marked improvement in the 
clinical condition of the patient 

3 Theophyllm probably acts in part by lowering the chlorid thresh- 
old, thereby allowing the chlorids to pass out of the blood plasma, 
water following 

I should like to express my thanks to Miss Jacobson, my chemical technician, 
for her careful work in carrying out a large part of the chemical estimations 
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A PAPILLARY CARCINOMA OF THE KIDNEY WITH 
METASTASIS IN THE BRAIN 

EDWIN F HIRSCH, MD 

CHICAGO 

The relative infrequency of papillary carcinoma of the kidney 
proper reported in the literature is emphasized by WohP in his descrip- 
tion of a malignant papillary adenoma of the kidney He says that 
his is the twelfth instance of such adenopapillary tumors appearing in 
the literature, but he probably has not included in this number a report 
by Eisenstaedt ^ The latter emphasizes the rarity of carcinoma of the 
renal parenchyma proper, and reports a tumor which in its micro- 
scopic characters resembles closely the one to be described It con- 
tained papillae having very little supporting tissue, each pierced cen- 
trally by a thin-walled vessel Kretschmer and Moody® in 1914 
reviewed the reports of such tumors and found ten recorded They 
added another, making a total of eleven recorded at that time 

At a necropsy performed by me for the purpose of establishing the 
cause of death, a soft fleshy tumor was found m the left kidney and a 
large tumor thrombus projected into the corresponding vein In addi- 
tion, there was noted another tumor, definitely metastatic, m the 
anterior pole of the left temporal lobe of the brain The circum- 
stances attending the illness of the deceased could not be obtained with 
any degree of certainty or detail 

History — The patient was an adult 58 years and 6 months of age, a shipping 
clerk employed by a lumber company, who had been admitted to a hospital 
about eight weeks before his death with a history of having suffered a skull 
injury, the severity of which was not definitely known or determined At the 
time of his admission to the hospital he presented some disturbances m men- 
tality, which, associated with the foregoing history of an injury, led the attend- 
ing physician to diagnose a brain injury, and to trephine the calvarium About 
ten days after the first operation, a second exploration of the cranium was made 
and the original opening in the skull enlarged Two urine examinations made 
during the patient’s stay in the hospital were reported as showing no blood or 
albumin The patient’s condition was not improved by the surgical treatment 
and he gradually grew worse mentally, finally dying in a state of apathy and 
emaciation The presence of a tumor of the brain was not considered during the 


* Submitted for publication Sept 6, 1917 

*From the Department of Pathology, University of Chicago 

1 Wohl, M G Malignant Papillary Adenoma of the Kidney, Surg , Gynec 
and Obst , 1917, 24, 61 

2 Eisenstaedt, J S Primary Adenocarcinoma of the Kidney, Urol and 
Cutan Rev , 1916, 20, 61 

3 Kretschmer, H L, and Moody, A M Malignant Papillary Cystadenoma 
of the Kidney with Metastases, Surg , Gynec and Obst , 1914, 19 , 766 
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clinical course of the disease The important anatomic findings noted during the 
necropsy concern chiefly the left kidney and the brain, there being no other 
metastases observed, except about a half dozen grayish-brown nodules, the 
largest 2 mm in diameter, scattered in the lung substance 

Poslvto] iein Examinahon — The left kidney was of about normal size (Fig 1) 
The renal vein was widely dilated by a tumor thrombus involving chiefly the 
two lowest branches of this vessel It projected bluntly into the lumen of the 
\ ein almost completely occluding it, and was 2 cm wide, 1 8 cm thick and 
4 cm long In the posterior portion of the lower pole of the kidney proper 
w’as a very soft, fleshy tumor, irregularlj' outlined, about 4 cm by 4 5 cm in 
Its maximum surface dimensions The kidney capsule over this area bulged 
slightly The tumor itself was gray, and so soft that only after hardening in 
10 per cent formaldehyd solution was examination possible On the transversely 
sectioned surfaces of the posterior half of the bisected kidney the tumor tissue 
appeared as a continuous gray zone of a maximum width of 1 cm , lying between 
the cortex and medulla Its outline was irregular, but, in spite of its relatively 
small size, it had invaded extensively the venous blood system as the latter 
approached the pelvis of the kidney (Fig 2) In general the cortex of the kidney 
was involved to a greater extent than the medullary portion Careful examination 
of the renal pelvis and the ureter, as w'cll as the left adrenal, disclosed no gross 
alterations of these structures 

In the anterior pole of the left temporal lobe of the brain there was a reddish- 
brown area, irregularly round, 3 5 cm in its surface diameter, roughened, and 
not sharply demarcated from the surrounding brain tissue (Fig 3) The dura 
immediately covering this area was adherent, and had been invaded but not pene- 
trated by tissue arising from the area mentioned There were no other striking 
changes on the outside of the brain except a slight opacity of the lepto 
opposite the site of the decompression operation Sections of the brain made 
after hardening demonstrated a rather extensive involvement of the anterior 
portion of the left temporal lobe The maximum vertical and transverse dimen- 
sions were 3 and 4 cm , and the same anteroposterior dimension was 4 cm The 
sectioned surfaces of the tumor were reddish-brown, consisting of gray areas 
of tumor tissue from 1 to 6 mm in wudth scattered w'lth irregularly sized and 
located areas of necrosis and liquefaction Toward the posterior limits of the 
tumor and approaching the lateral ventricle on that side was a cyst 2 cm by 
2 cm by 4 cm filled with a limpid browm fluid Its posterior limit was opposite 
approximately the same part of the basal ganglia, and lay immediately outside 
and above the lateral ventricle The tumor was clearly demarcated, but not 
encapsulated, merging without interruption into the surrounding brain tissue 
In consistency its tissue was very soft and friable There was some compression 
of the left lateral ventricle and displacement to the right of the brain tissue 
medial to the left lateral ventricle 

Mta oscopic Examination — Histologic sections of the kidney showed a fairly 
constant structure (Fig 4) The tissue was cellular, with only a little supporting 
stroma The tumor cells were about the diameter of polymorphonuclear leuko- 
cytes, their nuclei being granular, indented, oval or round, occupying about 
tvo-thirds of the entire cell, the cytoplasm staining a light pink with eosin 
A rather striking feature microscopically was the radial arrangement of these 
cells about thin-walled, clearly defined capillaries, forming rosette-like structures 
about, or slightly larger than, the diameter of a normal kidney glomerulus, the 
center of such a structure being the cross section of a capillary Usually the 
width of a rosette was about ten to fifteen cells, although larger and smaller 
ones were also present From the periphery of the capillaries a delicate con- 
nective tissue stroma extended outward a short distance as narrow papillae 
covered by epithelium, the latter somewhat broken and disarranged by the 
manipulation and fixation of the tissues, but usually two to three cells in depth, 
the marginal portion of the rosette consisting chief!}' of epithelial cells without 




•Drawing locating tlic primary tumor m the kidney Fig 2 — Sketch representing the tumor thrombus in the left renal vein 
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stroma (Fig 5) This arrangement of the tissue cells was best understood after 
a serial section study by which the relation of the blood vessels and stroma to 
the epithelium could be determined Such a study revealed a papillomatous 
structure, the thin-walled vessel of the rosette occupying the center of a villus, 
from which secondary radiating prolongations extended outward At the 
extreme upper limit of the papilloma stem proper only cross sections of cells 
with a little stroma not constantly present were noted Tangential sections of 
such papillae give the impression of rampant cell growth without definite 



Fig 3 — Diagrammatic sketch to locate the brain metastasis 


arrangement, excepting for the slight grouping of cells into clusters of three or 
five which might be interpreted incorrectly, except after a serial section study ‘ 
These areas were present m the tissues where the rosette structures were not 
definite, and had maximum dimensions varying between 0 5 and 1 5 mm 
Irregularly scattered throughout the tumor substance were necrotic areas, into 
some of which hemorrhage had occurred The necrosed tissues lay between 

4 Le Count, E R The Genesis of Carcinoma of the Fallopian Tube, Etc , 
Bull Johns Hopkins Hospital, 1901, 12, 55 
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Fig 4 — Photomicrograph illustrating the rosettes and papillae (X 70) 



Fig 5 — Diagrammatic sketch illustrating the structure of the papillary buds 
A, thm-walled vessel in papilloma stem, B, stroma, C, tumor cells 
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the peripheries of the papillae, corresponding therefore with the outer margin 
of the rosettes In sections they varied from those just discernible to others 
as large as a rosette The kidney substance in the region of the tumor was com- 
pletely destroyed, while at the tumor edge the cells of the latter invaded the renal 
tissue, forming the structures described Certain groups of tumor cells were 
pigmented brown by the split products of the red blood cells that escaped from 
the blood vessels with the necrosis of the tumor tissue 

Sections of the brain tumor showed a histologic structure similar in most 
respects to the tumor described in the kidney The cells were identical in 
appearance, and for the most part had a radial arrangement about well defined 
capillaries, forming rosettes as in the kidney Other areas of these cells, not so 
arranged, approximated 1 cm in diameter, while between the peripheral margins 
of adjacent areas were equally extensive regions of tissue necrosis, with only 
remnants of nuclei and cell structure remaining Some of these necrotic areas 
were from 2 to 3 mm in their maximum dimensions, and involved not only the 
tumor proper, but also regions of brain substance At the periphery of the 
tumor the growth of the tumor cells along the Ij'mphalics might be noted where 
they appeared as small groups about the vessels, gradually encroaching on the 
brain tissue, causing its destruction and forming structures as heretofore 
described 

This tumor, without doubt, was primary in the left kidney, and, 
classified according to the description, belongs to the malignant papil- 
lary tumors arising in the renal parenchyma Its early tendency to 
invade the blood vascular system is striking, and because of this its 
metastasis into the brain tissue is readily understood The absence 
of well developed metastases in other organs, however, especially the 
lungs, is of interest, particularly when the entire clinical picture is 
considered from a diagnostic standpoint The absence of positive 
urinary findings need not be taken seriously, especially since only two 
were reported during the eight weeks the deceased was under observa- 
tion, and in all probability blood cells were present in the urine at 
some time during this inten^al In conclusion, emphasis may be placed 
rightly on the importance of thorough routine examination, both 
physical and laboratory, with the hope that in so doing accuracy in 
diagnosing such tumors clinically may be approximated 
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THE RELATIONSHIP OF THE TOXIC LYMPHOID 
HYPERPLASIAS TO LYMPHOSARCOMA 
AND ALLIED DISEASES ^ 

DOUGLAS SYMMERS, MD 

Professor of Pathology in the University and Bellevue Hospital Medical College, 
Assistant Director of Laboratories, Bellevue and Allied Hospitals 

NEW YORK 

The dominant function of the lymphoid tissues is to arrest foreign 
substances brought to them in suspension and to manufacture phago- 
cytic cells for the blood and tissue spaces In certain situations, notably 
the gastro-intestinal tract, the geographical intimacy between the 
lymphoid tissues and an absorptive surface of enormous dimensions 
would seem to indicate that the lymphoid cells were placed there pri- 
marily for purposes of filtration, restraining such foreign bodies as 
bacteria, and filtering their toxins That the lymphoid depots m ques- 
tion are a source of supply of wandering phagocytes cannot, of course, 
be denied, but that this function is subsidiary appears to be indicated 
by the fact that, in lymphatic leukemia, which is essentially a disease 
of the lymphoid hemopoietic system, the gastro-intestinal lymphoid 
follicles escape altogether, or exhibit a negligible degree of hyperplasia 
The regional lymph nodes, on the contrary, such as those of the neck, 
axilla and groin, are actively engaged in both directions , that is to say, 
in the process of filtration and m the formation of lymphocytic phago- 
cytes 

In addition to the lymphoid depots mentioned, there is an auxiliary 
system to be found in the form of small islands of lymphoid cells of 
rather wide distribution in the interstitial tissues of the thyroid, pi es- 
tate, testicle, lungs, kidneys, liver and adrenal, in the subcutaneous 
tissues and serous membranes, and elsewhere These deposits are 
sometimes so small as to escape notice in the routine histologic exam- 
ination of tissues, at other times they are provided with definite germ- 
inal follicles and are easily seen One is, nevertheless, apt to receive 
the impression that these lymphoid foci are functionally insignificant, 
and doubtless this is true They are, however, not infrequently brought 
into prominence in certain diseases characterized by hyperplasia of 
lymphoid cells, particularly in Hodgkin’s disease and lymphosarcoma, 
while in the liver in enteric fever they undergo increase in size in com- 

Submitted for publication Oct 3, 1917 

From the Pathological Laboratories of Bellevue Hospital, Director Dr 
Charles Norris 
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pany with the intestinal, mesenteric and splenic follicles, gi\ mg rise to 
the so-called focal necroses In lymphatic leukemia they seldom share 
in the process of hyperplasia 

The spleen appears to occupy the same relationship to the arterial 
blood as the lymph nodes bear to the skin and mucous membranes 
The presence of lymphoid follicles m the spleen and their close con- 
nection with its vascular supply, is of itself an indication that, among 
other things, the organ is part of the body’s filtration plant Other 
facts lend color to the view Thus, the frequent occurrence of sclerotic 
and degenerative changes in the splenic artery suggests that this vessel 
IS engaged m the transportation of vitiated blood to the splenic sub- 
stance, while the absence of corresponding changes in the splenic vein 
indicates that its blood has been partially purified in the spleen before 
being expelled and subjected to further detoxication m the liver 

In addition, the spleen is a favorite site for separating bacteria and 
other parasites from the circulation, as shown by the experimental 
bacteremias,^ and in the same way, it is sometimes possible to demon- 
strate malarial parasites in scrapings or sections from the splenic pulp 
after repeated examinations of the peripheral blood have failed to 
show them Still further confirmation is to be found in the presence 
of scleiotic infarctions in the spleen associated with healed or healing 
infective lesions of the heart valves, in which circumstances bacteria 
are transported during the active periods of infection from the endo- 
cardium to the splenic vessels where, acting primarily on the mtima, 
they produce infective lesions characterized by thrombophlebitis and 
infarction 

Moreover, the histology of the spleen is peculiarly adapted to pur- 
poses of filtration, the distensible sinuses lending themselves admirably 
to the temporary pooling of blood, so that the blood itself or the endo- 
thelial cells of the sinuses, or both, may deliberately exert lytic prop- 
erties on alien cells deposited in the spleen Thus, metastasizing 
tumors rarely find hospitable lodgment in the spleen, even in those 
cases in which dissemination of tumor cells by the lymph or blood 
stream produces secondary growths in practically every othei organ in 
the body Of 298 malignant tumors studied by myself at Bellevue 
Hospital,^ the spleen was metastasized sixteen times, or in 5 3 per cent , 
and in practically every instance the secondary growths were small in 
both size and number In a single exception the spleen was riddled by 
metastases following neoplasmic thrombosis of the splenic vein and 
retrograde embolism to the venous sinuses In five cases of generalized 
tumor metastases the spleen was involved but once — a case of melano- 

1 Bartlett and Ozarki Jour Med Research, 1917, 35 , 465 

2 Symmers, D Am Jour Med Sc, 1917, 154 , 2255 
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matosis 111 which there weie thiee secondary deposits — and yet, in 
all of these cases, the spleen must have been visited on innumeraole 
occasions by tumor cells whose vegetative properties were no less 
exalted than in those which were delivered to and successfully inocu- 
lated in other tissues 

Finally, it may be recalled that, m disturbances of the bone mariow, 
such as occur in myelogenous leukemia and Hodgkin’s disease, fully 
formed myeloplaxes are not 'uncommonly discharged into the circula- 
tion and separated out in the splenic sinuses, a finding which has also 
been observed in experimental infection of certain lower animals by 
the bacillus of hog cholera, pyocyaneus and anthiax, and after repeated 
artificial hemorrhages " 

THE REACTION OF THE LYMPH NODES TO IRRITATION 

The lymph nodes are called on to deal with at least two varieties of 
extraneous material, namely, solid particles, such as coal dust and 
other pigments, the bodies of bacteria, cell debris and the like, and 
soluble irritants in the form of toxins derived from the skin and 
mucous membranes or formed in the lymph nodes by Ining micro- 
organisms The cellular reactions m the lymph nodes vary according 
to the nature of the foreign bodies offered to them for disposal In 
the case of insoluble particles, such as coal dust, the reaction consists 
in fibrotic changes in the interstitial framework, usually with, but 
sometimes without, corresponding numerical increase in the endothelial 
cells of the sinuses The lymphoid cells maintain a passive attitude, 
but, as time goes on and the sinuses become occluded by desquamated 
endothelium and pigment granules, or are encroached on by the growing 
connective tissues, the flow of lymph is impeded and the lymphoid cells 
suffer atrophy and diminution in numbers 

In the case of bacteria the reaction in the lymph nodes differs with 
the nature of the invading parasite For example, the typhoid bacillus, 
which combines with the bacillus of tuberculosis and the spirochete of 
syphilis to form a group of micro-organisms expressing an inimical 
predilection for lymphoid tissues, acts on the lymph nodes in such 
fashion as to produce necroses, together with hyperplasia of endo- 
thelium and of lymphoid cells In the case of the tubercle bacillus, 
the most frequent change consists in the formation of tubercles, usually 
of the so-called epithelioid type, a reaction which is a deliberate attempt 
to limit the activity of a foreign body by erecting a structural barrier 
between it and healthy tissues At the same time the lymphoid tissues 
in the immediate vicinity of the tubercle, or even throughout the node, 

3 Opie Am Jour Med Sc, 1904, 126 , 988, Pugliese Fortscbr d Med, 
1897, 15 , 727 
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undergo hyperplasia, representing a response to the action of toxins 
derived from the bacillus — a type of biologic phenomenon the sig- 
nificance of which was first clearly recognized by Weigert^ who, on 
the basis of observations of this sort, postulated the doctrine of regen- 
erative over-production of cells He advanced the view that physiologic 
structure and function depend on equilibrium maintained by the mutual 
restraint of cells, and that destruction of a cell or group of cells releases 
restraint to an extent sufficient to disturb the equilibrium of the remain- 
ing cells, in this way permitting them to exhibit abnormal proliferative 
energies and to produce new cells in abundant excess of those actually 
required to compensate for loss Hyperplasia, therefore, is not a direct, 
but an indirect result of irritation, the irritant serving to destroy cells 
and not to stimulate those that remain in the direction of regeneration 
The doctrine of regenerative overproduction finds a corollary in the 
process of paralytic and degenerative hypersecretion, which is of fre- 
quent occurrence in pathologic conditions For example, section of 
the corda tympani nerve results in focal degeneration and necrosis ot 
the nuclei of the submaxillary gland, and this, in turn, is followed by 
abundant hypersecretion of saliva The same process is illustrated by 
various inflammatory reactions, notably the catarrhal lesions, which 
are attended by extensive degeneration of cells and by hypersecretion 
of mucus Even in physiologic conditions the process of degenerative 
hypersecretion is sometimes to be obsen^ed, the overproduction of milk 
by the lactatmg breast being accompanied by destructive changes in the 
cells of the galactiferous tubules It is apparent, therefore, that, in 
reacting to injury as well as in responding to physiologic demands, 
nature is apt to be prodigal not only of cells but of secretions as well 
Weigert’s doctrine of overproduction is abundantly illustrated, in 
fact, examples are far too numerous to permit of more than passing 
mention at this time Suffice it to recall the excessive regeneration of 
tubules in the lactatmg breast and in chronic interstitial mastitis, ab 
well as in certain forms of adenomatoid hyperplasia of the thyroid, 
stomach, colon, prostate, liver and other organs In all of these con- 
ditions not only is the supply of new cells greatly in excess of the 
number lost, but the new cells constitute a menace, since they approach 
a type of aichitecture in which equilibrium between structure and func- 
tion IS unstable, and, unless every source of irritation is removed, 
growth IS apt to proceed beyond the control of the body and 
a malignant tumor result The doctrine is likewise applicable to the 
lymphoid tissues, among which excessive regeneration of cells occurs 
in a variety of circumstances attended by the presence in the tissues 

4 Weigert Verhandl d Gesellsch d Deutsch Naturforsch u Aerzte Part 1, 
September, 1896, 121 
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of toxic substances which act as irritants Thus, the injection of 
tetanus toxin into the sciatic neive is followed by hyperplasia of the 
lymph nodes in the vicinity of the nerve trunk, and, in certain non- 
ulcerative malignant growths, hyperplasia of the legional nodes is not 
infrequently demonstrable microscopically, due, undoubtedly, to the 
absorption of irritant products In this connection, the experiments 
of Flexner'' are of great significance He has shown, for example, that 
the injection of lymphotoxms in geese and guinea-pigs, when carried 
out over a long pei lod, is followed by extraordinary hyperplasia of the 
lymph nodes throughout the body 

Tuberculosis, however, furnishes the best examples of toxic lym- 
phoid hyperplasia There is a form of tuberculous lymphadenopathy 
consisting of diftuse hyperplasia of lymphoid cells without any sug- 
gestion of tubercles, the establishment of the nature of the process 
depending on the detection of tubercle bacilli m the enlaiged nodes, 
on the experimental reproduction of tuberculosis m susceptible 
animals following the injection of emulsified tissues, or on comparison 
I with preceding or subsequent lesions in the same type of tissue in the 

same individual A case of this description occurred in a 6-year-old 
boy at the New York Hospital The patient presented an enormous 
mass on one side of the neck Removal and microscopic examination 
of the enlarged nodes showed tubercles in practically all of them 
Several months later the nodes on the opposite side became enlarged 
following an attack of diphtheria In these the only detectable change 
consisted in extensive and diffuse hyperplasia of lymphoid cells 
Neither tubercles nor tubercle bacilli were found in spite of an exhaus- 
tive attempt to learn the natuie of the lesion, and whether it was a 
form of tuberculosis, or whether it was due to the absorption of toxic 
products fiom the diphtheritic membrane, was never satisfactorily 
determined 

It IS interesting to obseive that tuberculosis is held to be responsible 
for a certain percentage of all cases of hyperplastic tonsillitis, a view 
which has been challenged by certain observers on the basis of failure 
to find tubercles in the enlarged tonsils In guinea-pigs, however, it 
has been found that injection into the tonsil of given strains of tubeicle 
bacilli results in marked lymphoid hyperplasia, not alone in the tonsils, 
but in the regional nodes, and this without the formation of tubercles 
in either locality, tubercle bacilli, however, being demonstrable, hy 
appropriate methods of staining, weeks or even months later It fol- 
lows, I think, that certain cases of apparently simple hyperplastic 
tonsillitis in human beings might be ascribed to the same cause 

S Flexner Univ Penn Med Bull , 1902, 15, 287 
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Finally, there is a variety of disseminated lymphoid hyperplasia® of 
tuberculous origin characterized by involvement of the lymph nodes 
throughout the body and by participation of the lymphoid structures 
of the stomach and spleen without the occurrence of tubercles in any ot 
the localities named 

In connection with the same general subject I may cite the case of 
a woman, 55 years of age, who, about a year prior to this report pre- 
sented a mass on the right side of the neck that was about the size of 
an adult fist The growth projected into the side of the mouth, dis- 
placing the tonsil backward Both the skin and mucous membrane 
covering the mass were intact A portion of the growth was removed 
and sent to me for microscopic examination I returned a diagnosis of 
lymphosarcoma, based partly on the microscopic appearances and partly 
on the fact that Gram-Weigert and Levaditi preparations and sections 
stained by Hermann’s method for tubercle bacilli were negative The 
patient was regarded by the surgeon as inoperable, and she was sub- 
jected to treatment by radium The growth disappeared completely 
In the light of this astonishing result I submitted the original micro- 
scopic preparations to two disinterested pathologists, both of whom 
concurred in the diagnosis of lymphosarcoma Whether the diagnosis 
was correct or not, however, is largely a matter of scientific interest, 
and does not modify the fact that the mass was a localized lymphoid 
hyperplasia, apparently of toxic origin, the cells growing with such 
rapidity as to jeopardize life 

LYMPHOSARCOMA 

In the necropsy service at Bellevue Hospital in the past ten years 
there have been twelve cases of lymphosarcoma, which, taking into 
account the fact that our necropsy records exceed 5,500, indicates that 
the lesion is not a common one Eleven of the twelve cases occurred 
in males In six of the cases the growth was first observed in the cervi- 
cal lymph nodes , in three the changes observed postmortem suggested 
that the process commenced in the lymphoid remains of the thymus 
gland, and the remaining three in the small intestine Some of the 
cases exhibited features which are considered worthy of presentation 
at length 

Lymphosarcoma is essentially a growth of regional distribution, 
although occasionally it displays an extraordinary faculty for bring- 
ing about diffuse lymphocytic infiltration of remote viscera At 
other times it is associated with variable numbers of lymphoid nodules 
in such organs as the kidney, liver and suprarenal capsule where, 
in normal conditions, lymphoid cells are present only in the form 

6 Coley and Ewing Proc New York Path Soc , New Senes, 1909, 10 , 145 
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of foci so minute as scarcely to attract notice on microscopic examina- 
tion To the unaided eye these nodular “metastases” in lymphosarcoma 
appear to be well circumscribed, but, on microscopic examination they 
fade into the surrounding tissue spaces in such gradual fashion as to 
indicate hyperplasia of pre-existing lymphomas rather than foci spring- 
ing from transplanted cells derived from a remote growth 

Anatomically, the lymphosarcomas are divisible into five groups, one 
(a) characterized by diffuse infiltration of tissues, more especially of 
paired organs , a second, (&) involving regional collections of superficial 
lymph nodes, a third, (c) implicating the lymphoid structures of the 
thorax, notably the remnants of the thymus gland and the lymph nodes 
at the root of the lung, a fourth, (rf) the lymphoid tissues of the abdo- 
men, including the stomach, intestine, spleen and lymph nodes, and, 
fifth, {e) there is a variety of leukosarcoma, described by Sternberg, 
which IS characterized by lymphoid tumors in unusual situations, the 
growth pouring its lymphocytes into the blood in such quantities as to 
constitute a leukemia In this category belongs, also, I believe, the dis- 
ease commonly known as chronic lymphatic leukemia 

SYMMETRICAL LYMPHOSARCOMA 

{a) Mikidics’ Disease — ^The implication of paired organs by lym- 
phosarcoma IS well shown by a lesion first fully described by Mikulicz 
It usually commences as an infiltrative overgrowth of the lymphoid 
cells normally existing in the stroma of the lacrimal glands, and is 
manifested by symmetrical enlargement of the outer two-thirds of the 
upper eyelids, followed by symmetrical enlargement of the parotid 
and submaxillary glands In the case originally described by Mikulicz 
the histologic changes were characteristic of lymphosarcoma, small 
collections of closely packed lymphoid cells being supported by 
delicate trabeculae of connective tissue Precisely the same combina- 
tion of symmetrical lacrimal, parotid and submaxillary adenopathy has 
since been observed in lymphatic leukemia, the change depending on 
diffuse infiltration of lymphocytes 

(&) Symmetncal Conjunctival Lymphosarcoma — A condition 
related to Mikulicz’ disease is to be found in bilateral lymphosarcoma 
of the conjunctival lymphoid follicles — a lesion which does not appear 
to have been described previously The case which came under my 
observation was that of a man, 37 years of age The palpebral con- 
junctiva of the right eye was greatly swollen and thrown into folds 
which caused eversion and depression of the lower lid and encroached 
on the ocular conjunctiva to the lower level of the cornea The con- 
junctiva of the opposite eye was similarly affected, but to a less extent 
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Microscopic examination revealed the histologic picture of lympho- 
sarcoma with neoplasmic infiltration of the tissues of the lid 

(c) Symmetucal Lymphosai coma of the Failed Viscera — The 
tendency of lymphosarcoma to bring about symmetrical neoplasmic 
infiltration of certain tissues is shown by bilateral invasion of the mam- 
mae, ovaries, testicles, suprarenal capsules and certain paired members 
of the bony system — a remarkable capacity which it shares with the 
so-called chronic lymphatic leukemia and its alleged companion lesion, 
pseudoleukemia ^ One of the most striking of all the symmetrical infil- 
trations in lymphosarcoma, however, is to be seen in the kidneys, in 
which vast hordes of tumor cells penetrate the connective tissue frame- 
work and produce enormous enlargement of the organs without corre- 
spondingly extensive or severe microscopic alterations in the tubular 
epithelium or very profound disturbances in the excretory function of 
the kidney Here, again, lymphosarcoma is not alone in producing 
changes of the sort described, since an identical lesion exists in the 
kidney in the so-called pseudoleukemia, having, in fact, been observed 
by Cohnheim in his original case ® 

Three examples of symmetrical lymphosarcomatous infiltration of 
the kidneys occurred in the Bellevue Hospital necropsies, in two of 
which the original focus of growth was apparently in the lymphoid 
remains of the thymus gland, while the third was associated with lym- 
phosarcoma of the small intestine In the Bellevue cases the several 
clinical histones and necropsy protocols have been abbreviated as much 
as IS consistent with an intelligible presentation, and are as follows 

Case 1 — The patient was a man, aged 26, a butcher by trade, who was 
admitted to the hospital complaining of shortness of breath He said that three 
weeks before admission he suddenly became short of breath and subject to a 
severe cough attended by pain in the chest and expectoration On admission it 
was noted, m addition, that the fingers were cyanotic, that the subcutaneous 
tissues were edematous and that ascites was marked Repeated examinations 
of the sputum for tubercle bacilli were negative The temperature was normal 
throughout The urine showed a trace of albumin and hyaline and granular 
casts The blood contained 13,000 leukocj'tes, of which 34 per cent were lympho- 
cytes Physical examination revealed slight bulging and dulness over the lower 
right side of the chest and dulness beneath the right infraclavicular region 
and between the scapulae The area of cardiac dulness was increased, the 
apex beat was neither visible nor palpable and the heart sounds were muffled 

Necropsy (1483) — The body was that of a man, 26 years of age On 
section the subcutaneous tissues were universally edematous The peritoneum 
was thickened and opaque and enclosed several liters of turbid, yellowish fluid 
On removing the sternum the anterior mediastinum was found to be occupied 
by a growth which, in a general way, conformed to the shape of the thymus 
gland, and measured 9 by 13 by 10 cm The mass extended downward as 
far as the level of the aunculoventncular groove and upward to within a short 


7 Fabian Beitr z path Anat u allg Path , 1912, 53, 491 

8 Cohnheim Virchows Arch f path Anat, 1865, 33, 451 
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distance of the lower border of the thyroid gland Laterally it infringed on 
the root of the left lung, bands of tumor tissue infiltrating the connective tissue 
planes along the larger bronchi for a distance of several centimeters On section, 
the growth was made up of yellowish white tissue which was divided into lobules 
of variable size by bands of dense, whitish connective tissue The substernal, 
peribronchial, peritracheal and lower cervical lymphnodes were enlarged, discrete, 
the largest approximating the size of a cherry, and, on section, the cut surface 
was bulging 

Heart The pericardium contained about 200 c c of turbid, yellowish fluid 
with fibrin flocculi, and both layers were covered by fibrinous exudate The 
heart was greatly increased in size and the epicardial fat was diffusely infil- 
trated by grayish yellow tissue similar to that of the growth m the region of the 
thymus gland The walls of both ventricles were enormously thickened, rigid, 
and largely replaced by grayish yellow tumor tissue, islands of reddish mus- 
culature being preserved at scattered intervals The pleura covering the parietal 
and diaphragmatic surfaces of the right lung measured 0 5 cm m thickness 
and was adherent to the chest wall, pericardium, and diaphragm through the 
medium of infiltrated tumor tissue 

Kidneys The kidneys were massively enlarged and weighed together 1,300 
gm Each measured 17 by 8 5 by 8 cm The cortices were unusually broad 
and grayish yellow in color, standing out in marked contrast to the dark red 
pyramids On section the cut surface was smooth, pale, the substance bulging 
and glazed The mesenteric and retroperitoneal nodes were enlarged to the 
extent of from 1 to 4 cm 

Anatomic Diagnosis — Lymphosarcoma of the anterior mediastinum corre- 
sponding to the lymphoid remains of the thymus gland, lymphosarcomatous 
infiltration of the peribronchial connective tissues of the left lung and of the 
parietal pleura of the right lung, of the pericardium and both ventricles of 
the heart, serofibrinous pericarditis, massive symmetrical lymphosarcomatous 
infiltration of the kidneys, lymphosarcomatous hyperplasia of the substernal, 
peritracheal, peribronchial, lower cervical, mesenteric and retroperitoneal lymph 
nodes 

Microscopic Findings — Microscopic examination of the growth m the region 
of the thymus showed the presence of innumerable large and small islands of 
lymphocytes separated by irregularly distributed bands of fibrous tissue The 
lymphocytes in the islands showed no arrangement comparable to the delicate 
alveolar network so frequently seen m lymphosarcoma, but were closely packed 
in sheetlike arrangement The connective tissue planes of the heart were richly 
infiltrated by tumor cells, the intervening muscle fibers being atrophied or com- 
pletely destroyed and replaced by broad sweeps of lymphocytic cells The con- 
nective tissues of the cortex of the kidneys were invaded to an extraordinary 
degree by lymphocytes, the tubules being widely separated and the glomeruli 
surrounded The tubular epithelium was granular and swollen The medulla 
was free The architecture of the lymph nodes was completely lost and 
replaced by dense, diffusely arranged lymphocytes which infiltrated the cap- 
sule and could be seen streaming off into the surrounding tissue spaces The 
other viscera revealed no microscopic changes of note 

Case 2 — ^The patient was a boy, aged 17, who, on admission to the hospital, 
said that two weeks previously he suddenly became short of breath and was 
seized by dull, constant pain in the upper part of the chest, attended by cough 
and expectoration The urine contained a trace of albumin, but no casts 
Frequent examinations of the sputum for tubercle bacilli were negative The 
sputum was blood tinged Both legs were edematous and the face and neck 
were cyanotic Physical examination of the chest showed marked flatness 
extending from the clavicles downward, and thoracentesis was attended by 
withdrawal of enormous amounts of blood tinged fluid At this time the heart 
sounds were clear The abdomen was distended by fluid 
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Neciopsy (2836) — Tho body was that of a boy, 17 years of age The 
abdomen was prominent and, on section, released a large amount of faintly 
blood tinged fluid Both lower extremities were edematous On opening the 
thorax both pleural cavities were found to contain large quantities of slightly 
blood tinged fluid, compressing the lungs, which were displaced upward Lying 
m the anterior mediastinum corresponding to the position of the thymus gland 
was a large, pale or yellowish, firm mass which extended upward as far as 
the lower level of the neck and downward m front of the pericardium to the 
level of the auriculoventncular groove 

Heart The pericardium was distended by a large amount of bloody fluid 
The parietal pericardium was thickened, and strewn over the visceral la)'er 
was a collection of reddish, shaggy, fibrinous exudate The heart muscle in 
the upper part of the left ventricle was fleshy in appeal ance 

Kidneys Both kidneys were increased in size, measuring 15 by 10 by 8 
cm , weighing together 1,040 gm The form was well preserved and the sur- 
face was extremely pale, the cortex broad, fleshy, and the markings obscured 
The retroperitoneal and lower cervical lymph nodes were slightly enlarged 
The bone marrow presented numbers of scattered, whitish areas 

Anatomic Diagnosis — Lymphosarcoma of the anterior mediastinum, corre- 
sponding to the region of the thymus gland, lymphosarcomatous infiltration 
of both kidneys , lymphosarcomatous hyperplasia of the cervical and retro- 
peritoneal lymph nodes and of the pericardium and the superficial muscular 
planes of the left ventricle of the heart, hemorrhagic serofibrinous peri- 
carditis, ascites, bilateral hydrothorax 

Microscopic Examination — The histology of the growth found in the ante- 
rior mediastinum m the position of the thymus gland showed a scanty con- 
nective tissue framework of irregular distribution, in the meshes of which were 
enormous numbers of closely packed lymphoid cells The architecture of the 
lymph nodes was entirely obscured by diffuse overgrowth of identical cells 
The epicardium was covered by a thick layer made up of a superficial stratum 
of fibrin, below which was a quantity of richly vascularized granulation tissue 
densely sown with lymphoid cells Below this, in turn, was a zone composed 
exclusively of lymphoid cells, running downward from which into the intra- 
muscular planes of the heart wms a rich infiltrate, which ceased however, a few 
millimeters beneath the surface The bone marrow' w'as richly' strewn w'lth 
lymphocytes 

From the pathologic standpoint the two cases aie interesting as 
emphasizing the occurrence of massive lymphosarcomas on the basis of 
the lymphoid remnants of the thymus gland, the growths giving rise, 
clinically, to detectable signs of intrathoracic pressure, including 
changes in the pericardium due to neoplasmic infiltration and embar- 
rassment of the heart’s action from a like cause The massive sym- 
metrical infiltration of the kidneys is likewise interesting, particularly 
in view of the few changes referable to the secretion of urine 

Case 3 — In a third case encountered at Bellevue Hospital the patient, a 
man, aged 56, was admitted with the classical signs of cardiac decompensation, 
death being due to croupous pneumonia The urine contained a trace of 
albumin and a few hyaline and granular casts Beyond this the clinical his- 
tory contained nothing of interest in the present connection At necropsy the 
middle of the jejunum presented two infiltrated, whitish elevations, 4 cm m 
diameter that extended around the intestine in bracelet fashion They were 
separated from one another by several centimeters of healthy mucosa A 
similar circumferential infiltrated band, 1 cm in diameter, was found in the 
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middle of the ileum, the center of the band, corresponding to the mesenteric 
attachment, being ulcerated 

Kidneys The kidneys were enlarged and weighed together 630 gm Thej" 
were yellowish white and, on section, the cortices were broadened and the mark- 
ings were obliterated by cream colored tissue Numerous minute whitish specks 
were visible in the cortex * 

Anatomic Diagnosis. — Lymphosarcoma of the small intestine , symmetrical 
infiltration of the adrenals and kidneys, lymphosarcomatous foci in the liver 

Mici oscopic Examination — The histology of the growth m the intestine 
showed scattered areas of superficial ulceration and great thickening of the 
wall due to infiltrating lymphocytes The kidneys displayed enormous num- 
bers of lymphocytes invading the intertubular spaces from cortex to pelvis 
The malpighian follicles and tubular epithelium appeared to be well preserved 
In the liver were innumerable minute lymphocytic foci, most of them lying in 
the connective tissue at the periphery of the lobules The adrenals revealed 
large numbers of lymphocytes arranged in islands or scattered diffusely through 
both cortex and medulla 

In all of the three cases just synopsized the kidneys exhibited 
lemarkable inciease in size due to infiltration of hordes of tumor cells 
in the connective tissue framework, with or without attendant granular 
changes in the epithelium of the convoluted tubules, while the urinaij- 
changes were insignificant It is not at all clear why a lymphosarcoma 
in such a remote locality as the upper thorax, or even in the intestine, 
should bring about diffuse symmetrical invasion of one or more sets of 
organs in distant parts The only possible explanation seems to me 
to be that, in these circumstances, tumor cells are displaced at lntel^als 
from the parent growth and filtered out as a result of the presence in 
the recipient tissues of a chemotactic force, since, in the lery nature 
of things, it IS hardly conceivable that the resident lymphomas could 
occasion such widespread hyperplasia In expressing this predilection 
for the paired visceia the lymphosarcoma is not alone The so-called 
Krukenberg tumor, which is a primary carcinomatous growth springing 
from the parietal cells of the fundus glands in the stomach, commonly 
causes diffuse symmetrical invasion of the ovaries, and the same selec- 
tive action IS true of certain tumors which metastasize the suprarenal 
capsules, while the kidneys themselves are occasionally the seat of sym- 
metrical metastases from tumors of the connective tissue series other 
than the lymphosarcomas 

PSEUDOLEU KCMIA AND ALLIED CONDITIONS 

Shortly after Virchow described lymphatic leukemia, Cohnheim®^ 
recorded a case which presented identical anatomic characteristics with- 
out changes in the blood, and for this disease he suggested the name of 
pseudoleukemia The designation has since been misapplied in various 
quarters and employed synonymously ivith Hodgkin’s disease, from 
which, hoivever, pseudoleukemia is readily distinguished on microscopic 



248 


D SYMMERS 


ARCH 


examination In Cohnheim’s case the patient was a man, aged 24, who 
suffered from anorexia, vomiting and repeated attacks of ' epistaxis 
The leukocytes were diminished in number At neciopsy, m addition 
to enlaigement of the cervical, inguinal and letroperitoneal lymph 
nodes, the spleen was found to he greatly enlarged, measuimg 25 by 17 
by 8 cm, and the pulp was richly infiltrated by lymphoid; cells The 
kidneys were also increased in size, measuring 17 by 6 by 5 cm , and 
were infiltrated by lymphoid cells from cortex to pelvis 

In addition to the variety of pseudoleukemia described by Cohn- 
heim, a related lesion of the gastro-intestinal lymphoid structures has 
been recognized As fai as I have been able to learn, the gastro- 
intestinal form IS rare, only twelve cases having been found in the 
literature to date ° The lesion is characterized by extraordinary hyper- 
plasia of the gastro-intestinal lymphoid structures, myriads of enlarged 
follicles stretching from the cardiac end of the stomach to the anal 
margins, causing great thickening and rigidity throughout The indi- 
vidual follicles vary in size, and are so closely packed as scarcely to 
exhibit a ban’s bieadth between them The thoracic and superficial 
lymph nodes are usually involved, but not nearly in the same relative 
proportions as the follicles in the stomach and intestine The abdom- 
inal nodes, however, are apt to show marked changes The spleen is 
almost invariably enlarged, often approximating the splenomegaly of 
lymphatic leukemia The lymphoid cells m the blood are normal or 
appro>iimately so — a fact which permits instant differentiation between 
the true and the so-called pseudoleukemia Anatomically, the gastro- 
intestinal lesion 111 question belies the title of pseudoleukemia to the 
extent that, m true lymphatic leukemia, the lymphoid structures of the 
gastro-intestinal tract rarely, if indeed they ever, undergo a degree of 
hyperplasia even remotely comparable to that just described In fact, 
m nineteen cases of chionic lymphatic leukemia of which I have 
records, the gastro-intestinal lymphoid structures were practically 
unchanged 

In view of the extiemely vague lelationship of pseudoleukemia to 
lymphatic leukemia, and because of the anatomic distribution of the 
changes m the lymphoid apparatus m the so-called pseudoleukemia, and 
because of the fact that identical or related changes are encountered 
m the same situations m lymphosarcoma, I am of the opinion that 
pseudoleukemia should be discarded as a misleading and inappropriate 
designation, and that the lesion so named should be included among 
the lymphosarcomas 

9 Symmers, D The Archives Int Med, 1909, 4, 218, Shoemaker New 
York Med Jour , Jan 1, 1910 
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ClDomc Lymphatic Leukemia — Chionic lymphatic leukemia is a 
disease of the lymphoid S3^stem chaiacterized by widespread and prac- 
tically simultaneous enlargement of certain groups of lymph nodes, 
notably those of the cervical and axillary regions, the peribronchial 
nodes, and the spleen It is attended by enoimous preponderance of 
lymphocytes in the blood, the cells being poured into the circulation 
from the hyperplastic lymph nodes, by the presence of huge numbers 
of infiltrating lymphocytes in the blood vessels and lymph spaces 
throughout the body, and by enlargement of the splenic follicles and 
diffuse infiltration of the pulp, the sinuses sometimes being so crowded 
with lymphocytes as to constitute lymphoid thrombi How much of the 
latter is due to the formation of lymphoid cells in the splenic follicles and 
how much to deposition from the blood, is impossible to say The liver 
is almost always greatly increased in size, its sinusoids are strewn with 
lymphocytes and circumscribed lymphocytic foci are present at frequent 
intervals Finally, the bone marrow, which, in normal circumstances, is 
practically devoid of lymphocytic foci, is almost completely replaced, 
myiiads of lymphoc3des occupying the marrow spaces, chokmg'-and dis- 
tending the capillaries In a word, lymphatic leukemia is primarily a 
disease of the l3TOphoid system, and the blood stream, viscera, and bone 
marrow are secondarily infiltrated by cells identical with those encoun- 
tered in the lymphosarcomas — all of which is in keeping with the con- 
ception of a primary neoplasm of the lymph nodes Reasoning by 
analogy with generalized toxic lymphoid h3’-perplasia in tuberculosis, it 
appears to me that chronic lymphatic leukemia may well represent an 
autonomous process due to a self-perpetuating lymphotoxm origin, 
that it belongs to the category of lymphosarcomas, and is an example 
of the applicability of Weigert’s doctrine of regenerative overproduc- 
tion The interpretation of lymphatic leukemia as a neoplasm attended 
by circulating metastases is substantiated b3’' Sternberg’s^® leukosarcoma 
— a disease characterized by the presence of multiple lymphoid tumors, 
the cells of which are poured into the blood in such numbeis as to 
constitute a true leukemia It is also confirmed by Ellermann’s^^ 
observation that definite lymphoid tumors not infrequently develop in 
different situations in chronic lymphatic leukemia in both man and fowl 

SUMMARY AND CONCLUSIONS 

1 In view of the fact that one of the principal functions of the 
lymph nodes is that of a filter, it is reasonably to be assumed that, in 
a great variety of circumstances, the nodes are subjected to the destruc- 
tive action of irritants, not only in the forms of solid bodies, such as 

10 Sternberg Beitr z path Anat u Allg Path , 1905, 37, 437 

11 Ellermann Jour Am Med Assn 1917, 69, 500 
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bacteria, but as soluble substances of many clesci iptions In the case 
of bacteria, the reaction in the lymph nodes difteis with the type of 
micro-organism and is shown by simple phagocytosis and by regenera- 
tive and necrotic lesions, including, m the case of the tubercle bacillus, 
definite attempts to limit the spheie of activity of the invading parasite 
by the interposition of a mechanical obstacle in the form of a tubercle 
The reaction to soluble poisons is different, as shown, for example, by 
diffusion of the toxin of the tubercle bacillus, which is followed by 
hyperplasia of lymphoid cells, sometimes to a limited extent, at other 
times involving groups of lymph nodes, at still other times including 
practically all the lymphoid tissues of the body 

Since the lymphoid tissues are so frequently exposed to the action 
of bacterial toxins and irritants brought to them in solution from 
absorptive surfaces of vast extent, and since, in these circumstances, 
they so often display a definite tendency to respond to irritation by 
hyperplasia of their cellular constituents, I think it not improbable that 
a like reaction is to be held responsible for the inception of certain types 
of disease characterized by overgrowth of lymphoid cells, local or 
geneial If the irritant is withdrawn aftei the lapse of a reasonable 
interval of activity the cellular reaction m the lymph node ceases and 
the hyperplastic process is withdrawn If, however, the irritant con- 
tinues to act it appears to be inevitable that the cellular response will 
also continue Finally, a time is to be expected at which, either as a 
result of the activity of the same irritant, or, more probably, as the 
result of the formation of a self-perpetuating toxin in the lymph nodes 
concerned, the reaction is converted into a process characterized by 
indefinite hyperplasia 

In the absence of a better explanation, this, I think, is a not illogical 
method of accounting for the origin of the lymphosarcomas and for 
similar otherwise inexplicable lesions of the lymphoid system, including 
not only certain localized lymphoid hyperplasias, but chronic lymphatic 
leukemia, pseudoleukemia and the like 

2 Chronic lymphatic leukemia and its companion lesion, pseudo- 
leukemia, together with the familiar examples of lymphosarcoma, pre- 
sent many clinical and anatomic changes in common The histologic 
alterations are closely akin , in fact, in many instances, they are indis- 
tinguishable one from the other It is simpler and more natural, I think, 
to correlate these lesions than it is to strain at the impractical and arti- 
ficial task of attempting to separate them into clinical and anatomic 
entities For this reason I piefer to group them, together with Miku- 
licz’ disease and the symmetrical conjunctival lymphosarcoma herein 
described, under the general heading of lymphosarcoma, as follows 
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1 

2 


3 

4 


f (a) Mikulicz’ disease 
(b) Bilateral conjunctival 
lymphosarcoma 

T , , , f (a) Chronic Emphatic leukemia 

Leukemic lymphosarcoma | Sternberg’s leukosarcoma 

(a) Cervical, axillary, inguinal 
I Thymic 
1 Peribronchial 


Regional lymphosarcoma 4 


(b) Thoracic 

r Gastro-intestinal 

(c) Abdominal s Intestinal 


Generalized lymphosarcomatosis 


[ Mesenteric, retroperitoneal 


I wish to acknowledge my indebtedness to Dr Louis Shapiro of the intern 
staff of Bellevue Hospital foi valuable assistance in abstracting a number of 
clinical facts from the hospital records 



CHEMICAL CHANGES IN THE BLOOD AND URINE IN 
PROGRESSIVE MUSCULAR DYSTROPHY, PRO- 
GRESSIVE MUSCULAR ATROPHY AND 
MYASTHENIA GRAVIS 

F H McCRUDDEN, MD, and C S SARGENT, SB 

BOSTON 

In May, 1916, we^ reported the following findings in a case of 
progressive muscular dystrophy (1) low blood sugar, (2) low cho- 
lesterin content of the blood, (3) creatmuria, (4) a rise in the sugar 
content of the blood accompanied by a corresponding increase in mus- 
cular strength following treatment 

We now submit further data- regarding the first patient, and figures 
for the glucose and cholestenn content of the blood and the creatin 
content of the urine m other cases of progressive muscular dystrophy, 
in progressive muscular atrophy, in myasthenia gravis, and — as con- 
trols — in conditions not accompanied by myasthenia of any form® 


PERCENTAGE GLUCOSE IN THE BLOOD 


Progressive Muscular Dystrophy 


(1) 

0064 

(2) 

0068 

(3) 

0080 



Myasthenia Gravis 



(4) 

0 0818 

(5) 

0095 

Progressive Muscular Atrophy 

(6) 

0111 

(7) 

0129 

Chronic Arthritis 



(8) 

0 086 

(9) 

0 088 

(10) 

0 090 

(11) 

0 098 

(12) 

0101 

(13) 

0103 

(14) 

0104 

(15) 

0106 

(16) 

0109 

(17) 

0115 

(18) 

0118 

(19) 

0121 

(20) 

0124 

(21) 

0128 

(22) 

0131 

(23) 

0166 

Chronic Endocarditis 


(24) 

0103 

(25) 

0105 

(26) 

0107 

(27) 

0110 

(28) 

0127 




Conditions Accompanied by Nephritis 
(29) 0123 (30) 0123 

(31) 0133 (32) 0146 

(33) 0159 (34) 0204 

Miscellaneous Conditions 

(35) Hypertension 0 120 

(36) Multiple sclerosis 0110 

(37) Hypotension 0 144t 

(38) Tumor of the cord 0 140 

(39) Psoriasis 0 090 

(40) Tuberculosis of the 

spine 0 103 

(41) Neoplasm 0118 

(42) Pernicious vomiting 0 094 
Normal 

(43) 0115 (^4) 0129 

Chronic Arthritis with Rapid Mus- 
cular Wasting X 

(45) 0119 (46) 0120 


* Submitted for publication Oct 23, 1917 
*From the Robert B Brigham Hospital 

Tin view of the fact that the epinephnn content of the blood is high in 
cases of hypotension (Bedford, E , and Jackson, H The Epinephnn Content 
of the Blood m Conditions of Low Blood Pressure and “Shock,” Proc Soc 
Exper Med and Biol , 1916, 13 , 85) , this low blood sugar, nearly high enough 
to give rise to glycosuria, is to be noted 

t These are the same two cases reported in the earlier paper m which 
myasthenia developed as the result of marked muscular wasting secondary to 
rapidly progressing chronic arthritis 


\ 
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BLOOD SUGAR 

The blood sugar in these cases (nephritis, piogressive muscular 
dystrophy and myasthenia gravis excepted) falls between 0 09 and 
0 13 per cent ® Since but few of these patients were in good health, 
the figures aie not offered as noimal standards, but other investigators 
have found approximately the same range of values in normal cases ’’ 



Glucose content of the blood Each small circle indicates glucose content 
of the blood in one case Values for the same kind of disease are connected 
together -with a line Abbreviations? M D = progressive muscular dystrophy , 
P M A = progressive muscular atrophy, M G = myasthenia gravis, Chr 
End == chronic endocarditis , M W = cases of chronic arthritis -with muscular 
•wasting 

In the three cases of progressive muscular dystrophy the blood 
sugar IS below the normal In the two cases of myasthenia gravis the 
blood sugar is a little below the normal In the two cases of progres- 
sive muscular atrophy blood sugar is normal 
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CREATINURIA 

Large quantities of cieatin were present® in the urine of the two 
patients with progressive muscular dystrophy The urine of the third 
(an outpatient) was not examined In Patient 1 the creatin excietion 
ran from 0 283 to 0 624 gm per day, the average for seven days being 
0 465 gm In Patient 2 , creatin ran from 0 356 to 0 608 gm , the 
average for eleven days being 0 503 gm per day 

Of the two patients with progressive muscular atrophy, one showed 
0 198 gm in a day’s urine, the other an average of 0 130 gm per day 
In one of the patients with myasthenia gravis (Patient 5) creatin 
was absent from the urine (the urine was examined every day for ten 
days) In the other (an outpatient) the urine was not examined 

CHOLESTERIN 

The cholesterm of the blood was low m all three cases of progies- 
sive muscular dystrophy The normal amount by the same method of 
analysis runs from 1 60 to 2 40 mg per gram of blood, and averages 
about 1 90 The percentage in these cases was 
Case 1, 0 50 to 1 44, Case 2, 1 18, Case 3, 1 40 
Blood cholesterm was not low in the patients with progressive 
muscular atrophy or in those with myasthenia gravis 

BLOOD SUGAR AND IMPROVEMENT IN STRENGTH 

In only one of the patients were we able to compare for long the 
glucose and cholesterm content of the blood with the improvement in 
muscular strength under treatment The blood sugar v^as as follows 

Blood Sugar 
Percentage 


Oct 27, 1915 0 068 

Nov 5, 1915 0 060 

Treatment Begun 

Nov 16, 1915 0 074 

Nov 23, 1915 0 091 

Nov 30,1915 0 081 

Feb 21, 1916 0 095 

June 20 1916 0 110 

Alarch 7, 1917 0 103 


From the time treatment began the glucose showed an almost con- 
tinuous rise There was a corresponding continuous gam m strength, 
and at the time of the last examination the patient had nearly com- 
pletely regained his strength Under treatment for ten days the blood 
sugar of Patient 2 rose from 0 068 to 0 094 per cent The patient then 
moved to a distant city and the course of the disease could not be 
followed 
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ACIDOSIS 

On account of the lelationship of changes m the acid-base equi- 
librium to disturbances of the metabolism of sugar and creatm, the 
ammonia excietion in the urine was detei mined fiom day to day, but 
in none of our cases did it ever use higher than 0 43 gm per day — 
a figure that is well within the noimal limits 


SUMMARY 


In three cases of progiessive muscular dystiophy were found 
(1) muscular weakness, (2) hypoglycemia, (3) hypocholesterinemia, 
(4) creatinuria, (5) normal ammonia excietion, (6) a rise of blood 
sugar in the treated patients with a parallel increase in strength 

A comparison of the findings in three somewhat similai clinical 
conditions sho^^ed the following 

Blood Sugar Creatinuria 


Progressive muscular dystrophy 
Progressive muscular atrophy 
Myasthenia gravis 


Low 

Noimal 

Low 


Present 

Present 

Absent 


REFERENCES 

1 McCrudden, F , and Sargent, C Hypoglycemia and Progressive Mus- 
cular Dystrophy, The Archives Int Med , 1916, 17 , 465 

2 The technical details of the methods are described in our previous paper 

3 Since Dr George Clymer, neurologist to the Robert B Brigham Hospital, 
who searched the community and found these myasthenic cases, is now in the 
national service abroad, we see no probability of obtaining any more cases m the 
near future 

6 Blood sugar appears to remain fairly constant from day to day m any 
one individual (32) January 3 0 145 per cent , July 5 0 147 per cent , (33) 
August 20 0 159 per cent , August 23 0 159 per cent , (42) December 17 
0095 per cent , December 30 0092 per cent 

7 It is to be regretted that the very useful normal figures recently reported 
by Gettler and Baker (Jour Biol Chem , 1916, 25s, 211) were not controlled by 
duplicate analyses Some of the extreme figures would then be less open to 
suspicion 

8 On a meat-free diet 
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THE NATURE OF THE PATHOLOGIC PROCESS IN 
PROGRESSIVE MUSCULAR DYSTROPHY 

F H McCRUDDEN, MD 

BOSTON 

In progressive muscular dystrophy we find (a) low blood sugaE 
and, following suitable treatment, a rise in blood sugar accompanied 
by an increase in strength, (b) creatinuna, (c) low cholesterin con- 
tent of the blood — three independent testimonies of disturbed carbo- 
hydrate metabolism ^ 

The condition of low blood sugar and parallelism between muscu- 
lar strength and blood sugar speaks for itself 

Creatin is not known to occur in the urine of men except as an 
accompaniment of some disturbance of carbohydrate metabolism It 
accompanies diabetes and starvation In dogs it accompanies hydrazin 
poisoning,® and phlorizin poisoning,® conditions resulting in hypogly- 
cemia ^ In the rabbit, an animal in which hypoglycemia does not 
always follow hydrazin poisoning, creatinuna occurs only in those 
cases in which hypoglycemia does follow ® 

A low cholesterin content of the blood accompanies hypoglycemia 
a high cholesterin content is associated with hyperglycemia ® 

The glucose of the blood is the source of energy for muscular con- 
traction Active muscle rapidly uses up glucose It may use more 
than SIX times as much as the resting muscle the venous blood from 
a faradized muscle may show only one half as much glucose as that 
from a resting muscle ® Following severe muscular activity the blood 
sugar, even of the general circulation, may fall,® during the severe 
convulsions of tetanus it may fall to one third the normaP® As the 
blood sugar falls, muscular power diminishes, but can be restored by 
glucose 

The dynamic potency of glucose has been especially clearly demon- 
strated for heart muscle The isolated heart perfused with Ringer's 
solution beats more and more feebly as its glycogen store becomes 
exhausted, and finally stops If glucose is added to the perfusion fluid 
this sugar is utilized^® and the heart beats more powerfully and for a 
longer time The utilization of glucose by muscle is a complicated 
physiologic process, it is lost if removal of the pancreas precedes 
isolation of the heart, but can be restored by addition of pancreas 
extract to the perfusion fluid The property is inherent in glucose 
alone , other sugars are impotent 
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Besides muscular activity, ceitain other agencies may i educe the 
blood sugar — Addison’s disease,^® adrenalectomy,^'^ dyspituitansm,'^'^ 
thyroidectomy and parathyroidectomy,'^'’ diphtheria toxin, phosphoius 
poisoning,-^ and hydiazin poisoning,^ and such agencies all produce 
profound asthenia In phosphorus poisoning and diphtheria toxemia 
the parallelism between seventy of myasthenia and decrease m blood 
sugar is very marked and in successfully treated Addison’s disease 
a parallelism between inciease in stiength and rise m blood sugar has 
been observed (Grote^®) 

It IS evident that the low blood sugar in piogiessive muscular 
dystrophy is a sufficient cause for the muscular weakness, the most 
striking symptom of the disease 

As glucose passes from the blood into the tissues, the loss is made 
good from the glycogen store of the liver Replenishment is rapid and 
quantitative, the blood sugar being thereby maintained at a fixed level 
Hypoglycemia can result only from a failure of replenishment to keep 
pace with the needs, a loss of balance between supply and demand 
Inci eased needs might result from increased sugar utilization or 
from loss through the kidneys We can rule out both There is neithei 
the rise in tempeiature noi the increase in rate of heat loss that would 
accompany mci eased sugar catabolism, and the mine is sugar-free^ 
The cause of all forms of experimental hypoglycemia is a decreased 
late of 1 eplenishment consequent on a diminished glycogen leserve 
After thyreoparathyi oidectomy,”^ adrenalectomy,^^ diphtheria tox- 
emia,"® phosphorus poisoning,"® hydrazin poisoning,^® the liver and 
muscles contain far less than the normal quantity of glycogen, in some 
cases little oi none 

In piogressive muscular dystrophy a lapid fall of blood sugar 
during the first twenty-four horns of staivation testifies to a scanty 
glycogen store in this condition too, in health the noimal blood sugar 
level is tenaciously maintained throughout pi olonged stai vation - ‘ 

The diminished glycogen reserve in expeiimental hypoglycemia 
results from impaiied glycogenesis The carbohydrate ingested is not 
converted into glycogen (Poiges^®) The liver of the adrenalectomized 
animal, for example, does not stoie any glycogen even when glucose 
enough is ingested to increase the blood sugar fivefold (Mackenzie^^) 
The glucose remains a long time in the blood and then, judging from 
the amount of “fatty degeneration” in these cases — adrenalectomy,"'’ 
phosphorus poisoning,^^ hydrazin poisoning,®® dyspituitarism^® — it is 
probably changed to fat The rise in the respiratory quotient®^ and the 
inciease in the fat content oHthe blood®® lend further support to this 
hypothesis Such antagonism between fat storage and glycogen stor- 
age IS well recognized ®® 
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The deposition of fat m the muscles®* in progressive muscular 
dystrophy is evidence in this condition of a similar impairment of 
glycogenesis 

Impaired glycogenesis may result from either liver or adrenal 
damage After phosphorus or hydrazin the result is due to liver 
destruction, after adrenalectomy or Addison’s disease, to absence of 
epinephnn It is possible to tell which of the two — liver or adrenal — 

IS at fault by the effect of epinephnn administration Normally, 
epinephnn®® administration decreases the glycogen of the liver,®® and 
thereby increases the glucose of the blood,®" but it does not increase 
the blood sugar to the same extent after liver damage During the 
first twenty-four hours after phosphorus poisoning Avhile the liver is 
still intact, epinephnn increases the blood sugar , after the first twenty- 
four hours, liver injury precludes epinephnn activity 

The prompt and marked rise in blood sugar following epinephnn 
administration in progressive muscular dystrophy testifies to the 
adrenal rather than the hepatic origin of the disease * 

The possibility that alkalosis plays a part in the etiology of pro- 
gressive muscular dystrophy was suggested by the following facts con- 
necting alkalosis, hypoglycemia and creatinuria 

(A) Alkalosts and Hypoglycemia — (a) Alkali administration 
causes hypoglycemia it diminishes, and may even prevent epinephnn 
hyperglycemia and glycosuria*® (b) Acid administration increases 
glycogenolysis, causes hyperglycemia, and augments epinephnn hyper- 
glycemia (Elias®®) (c) If a frog be kept in a slightly acid solution its 
store of glycogen diminishes, if in an alkaline solution, the glycogen 
store augments ** (d) A base forming diet is more efficient as a gly- 
cogen former,*® and gives a greater epinephnn glycosuria*® than an 
acid forming diet (e) Epinephnn hyperglycemia is accompanied by a 
decrease,** and thyreoparathyroidectomy by an increase, m the alkali 
reserve of the blood *® 

(B) Alkalosis and Cieatmwta — (a) In rabbits creatinuria follows 
administration of acid or an acid diet,*® in which case the urine is 
alwaj'-s acid*^ (b) Alkali administration diminishes, and sometimes 
abolishes, the creatinuria of starvation *® 

But alteration in the acid-base equilibrium severe enough to pro- 
duce hypoglycemia leads to marked changes in the reaction of the 
urine,*® and such changes are not present in progressive muscular dys- 
trophy — ammonia excretion is normal This is in harmony with the 
other evidence that the hypoglycemia of progresswe muscular dys- 
trophy is of endocrine origin The adrenals are not involved m the ’ 
blood sugar variations brought about by changes in the acid-base 
equilibrium (Elias®®) 
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Another possibility ^ It is alleged'^'* that epinephnn decreases, and 
that the internal secretion of the pancreas increases the rate of siigai 
oxidation , and that normally the two tendencies — inhibiting and 
stimulating — just balance In accord with this hypothesis, epinephnn 
hyperglycemia is attributed to loss of balance in favor of — diminished 
glucose destruction — the suprarenal, and progressive muscular dys- 
trophy might be attributed to conesponding loss of balance in favor 
of — increased sugar oxidation — the pancreas But epinephnn does 
not decrease the rate of glucose destruction,'^^ and all the evidence 
points to diminished glucose formation and not augmented glucose 
destruction as the cause of the hypoglycemia in progressive muscular 
dystrophy 

The facts indicate that the myasthenia of progressive musculai 
dystrophy is due to hypoglycemia, that the hypoglycemia and fatty 
infiltration are due to impaired glycogenesis, the carbohydrate of the 
food being probably changed largely to fat instead of glycogen , and 
that this impaired glycogenesis is the result of adrenal or other endo- 
crine disease 
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THE EFFECT OF THYROID SECRETION ON THE EXCIT- 
ABILITY OF THE ENDINGS OF THE 
CARDIAC VAGUS 

ROBERT L LEVY, MD 

BALTIMORE 

In an earlier communication^ it was pointed out that, in the cat, 
after inducing secretory activity in the thyroid gland, either by stimu- 
lation of the cervical sympathetic nerves or by injection of small doses 
of epinephrm, there can be demonstrated an increased effectiveness of 
epmephin as a pressor agent In other words, thyroid secretion ren- 
ders more excitable those sympathetic structures acted on by epinephrm 
in raising arterial pressure It was further shown that this effect is 
manifest only after a latent period, which may vary from about forty 
to sixty minutes, and that it is of considerable duration, having been 
observed for as long as seven hours 

A number of investigators, notably Asher and von Rodt,- Ossokin® 
and Oswald^ maintain that thyroid secretion increases the lesponsive- 
ness of vagus terminations to electrical stimulation If this be true, 
thyroid secretion must be regarded as having a sensitizing effect on 
both true sympathetic as well as on parasympathetic (vagus) endings 
Their work, however, is open to three serious criticisms In the first 
place, all employed intact animals under anesthesia, under such con- 
ditions, owing to variations in the depth of anesthesia as well as to 
respiratory and vasomotor fluctuations, it is practically impossible to 
obtain uniform vagus responses to a given strength of stimulus 
Secondly, in some of the experiments (Asher and von RodF and 
Ossokin®), thyroid secietion is said to have been poured into the circu- 
lation as a result of stimulation of the laryngeal nerves , these nerves, 
according to recent work,® are in no way directly concerned with secre- 
tory discharge in the thyroid gland And finally, Oswald’s results were 
obtained after injection of lodthyreoglobulin, a preparation which this 
author assumes is the active principle of the thyroid The variability 
and unreliability of effects which may be observed by employing dif- 

* Submitted for publication Nov 7, 1917 

'^From the Medical Clinic of the Johns Hopkins Hospital 

1 Levy, R L Am Jour Physiol , 1916, 41 , 492 

2 Asher, L , and von Rodt, W E Zeiitralbl f Physiol , 1912, 26, 223 

3 Ossokin, N Ztschr f Biol , 1914, 63, 443 

4 Oswald, A Zentralbl f Physiol , 1915, 30, 509, also Arch f ges Physiol, 
1916, 164 , 506 

5 Cannon, W B , and Cattell, McK Am Jour Physiol , 1916, 41 , 58 
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ferently prepared glandular extracts are too well known to requue 
comment 

It was the object of the present investigation to determine the effect 
of thyroid secretion on the excitability of the endings of the cardiac 
vagus under conditions which would meet satisfactorily the foregoing 
criticisms 

METHODS 

The methods employed were, m their essentials, similar to those used in 
the writer’s previous work^ 

Cats were used in all the experiments During preliminary ether anesthesia, 
a tracheal cannula was inserted and to destroy the brain a perforation was made 
in the back of the orbit and a probe passed through it into the spinal canal 
beyond the level of the medulla Artificial respiration, carefully adjusted as to 
depth and rate and maintained by a motor-driven, air-blast interrupter, was now 
begun The cervical sympathetic nerves were dissected free from the vagus 
sheaths for 3 or 4 cm , ligated low in the neck and severed distal to the liga- 
tures The depressor, when present as a separate nerve, was also cut The 
vagi were likewise isolated, ligated high in the neck and cut above the ligatures 
The probe was now again inserted through the orbit and the cord thoroughly 
destroyed to about the level of the second or third thoracic segment Usually, 
m the course of twenty minutes or half an hour, the blood pressure fell to a 
constant level at about SO mm Hg An electric heating pad placed beneath 
the animal holder permitted the maintenance of a normal, or nearly normal, 
temperature 

In cats pithed in this manner, the resulting rise m blood pressure after an 
injection of epmephnn varies directly with the amount injected Vasomotor 
and respiratory fluctuations are abolished The circulatory system responds with 
almost mathematical precision to repeated injections of a given dose 

It was also found that, in these animals, repeated stimulation of the vagus 
with a given strength of stimulus results in uniform cardiac responses Both 
depth of depression of blood pressure and duration of inhibition are so constant 
that, over a period of hours, each of the series of curves can practically be 
superimposed on the preceding ones The result is the same whether right or 
left vagus is stimulated The pithed cat is, therefore, an excellent preparation 
for determining alterations in excitability of the cardiac vagus 

A Sherrington electrode® was placed on one vagus and connected, through a 
signal magnet, with a tetanizing circuit The strength of stimulus employed 
approached as nearly as possible the threshold of excitability, which was deter- 
mined at the beginning of each experiment^ Less uniform, though comparable, 
results were obtained by employing an ordinary pla,tinum stimulating electrode, 
the vagi being carefully moistened and protected between stimulations 

A cannula inserted into the femoral artery was connected with a mercury 
manometer, sodium carbonate being used as anticoagulant Injections of epi- 
nephrin were made through another cannula placed in the femoral vein on the 
opposite side A slowly revolving kymograph was used to record the effects 
of epmephnn injections, a more rapidly moving one for the vagus responses 

The epmephnn employed was the commercial “Adrenalin Chloride” of Parke, 
Davis & Co , and was fresh Immediately before each experiment it was diluted, 
1 100,000, with distilled water The injections were made from a syringe 

6 Sherrington, C S Jour Physiol , 1909, 38, 375 

7 The pithed cat is such a delicate preparation that a measurably effective 
vagal stimulus frequently causes complete cardiac inhibition In experiments in 
which only slowing of rate occurred, the results were the same as where com- 
plete inhibition followed stimulation 
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with 1 c c barrel, graduated to fiftieths of a cubic centimeter A metronome, 
beating at intervals of one second, permitted delivery of the dose uniformly in 
successive injections Usually 02 cc were injected at the rate of 0 02 cc per 
second 

For stimulating the cervical sympathetic nerves, a tetanizing current, 
rhythmically interrupted at the rate of about 25 or 30 times a minute, was 
employed, the nerve being laid over a platinum electrode The current was of 
such strength that it could comfortably be borne on the tip of the tongue and 
always caused maximal pupillary dilatation when the side with intact eye was 
stimulated 

A time marker registering 30-second intervals during the epinephnn injections 
and 5-second intervals when vagus stimulations were recorded on the more 
rapidly revolving drum, served also as base line for zero blood pressure level 

RESULTS 

In cats prepared as described, repeated stimulation of either vagus 
over a period of several hours gives a uniform senes of responses It 
IS possible to obtain practically an identical curve with a given strength 
of stimulus f 10111 either right or left vagus At least five minutes were 
permitted to elapse between successive stimulations, in order that the 
heart might fully recover its irritability 

After stimulation of the cervical sympathetic, even at a time when 
increased pressor response to a given dose of epinephnn gives evidence 
that there has been libeiation of thyroid secretion, there is no signifi- 
cant alteration in depressor effect or duration of inhibition following 
stimulation of either vagus nerve It is therefore evident that, after 
the thyroid gland has poured foith its secretion in sufficient amount to 
sensitize the sympathetic structures acted on by epinephnn in raising 
arterial pressure, there is no demonstrable effect on the extitabihty of 
the endings of the cardiac vagus In the illustration are pictured the 
records of such an experiment, and in the table is given the complete 
protocol, which serves as an illustration for the series 

Similarly, uniform vagus responses were obtained when, instead of 
stimulating the cervical sympathetic, a small dose of epinephnn (2 c c. 
of 1 100,000) was injected to induce secretory activity in the thyroid 
It has been shown repeatedly® that an injection of epinephnn causes 
a temporary decrease in the irritability of the cardiac vagus, this effect 
in the cat, according to Langley, lasting only from one to two minutes 
The epinephnn injections in no way modified the effects of vagus 
stimulation in the present series of experiments An interval of at 
least eight minutes was permitted to elapse between any vagus stimu- 
lation and the preceding epinephnn injection To bring final proof, a 
number of experiments were performed in which, after taking the 

8 Cybulski, N Anzeiger d Akad d Wissensch in Krakau, March 4, 1895- 
Gourfem, D Compt rend Acad d sc, 1895, 121 , 311 Langley, J N Jour- 
Physiol , 1901, 27 , 245 Barbour, H G , and Kleiner, S B Jour Pharmacol- 
and Exp Therap , 1915, 7 , 541 
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usual vagus controls, each cervical sympathetic was stimluated for five 
minutes No epinephrin was injected, yet, though presumably the 
thyroid glands had been vigorously stimulated, no alteration in the 
character of the vagus responses was observed over a period of several 
hourg 

Illustrative Protocol (The records of this e\.periment, except Epinephnn 
Injection 6, are reproduced m the accompanying illustration ) 

Male cat , weight, 2 6 kg 
9 20 Ether 

9 25-9 45 Tracheotomy Pithed to midthorax , artificial respiration begun , 
vagi and sympathetics dissected out, ligated and cut , Sherrington electrode placed 
on right vagus, each epinephnn injection 02 cc, 1 100,000, injected at the rate 
of 0 02 c c per second The duration of each vagus stimulation was three 
seconds 


lime 

i 

1 

] 

Procedure 

Rise in 
Blood 
Pressure 
Following 
Epinephnn 
Injection 
(Mm Hg) 

Effects of Vagus 
Stimulation 

Depression 

1 of Blood 
Pressure 
(Mm Hg) 

Duration of 
Cardiac 
Inhibition 
(Seconds) 

10 25 

rpincphrm miection 1 

i 19 ‘ 



10 31 

Cpinephrm miection 2 

1 

1 22 

1 



10 40 

Stimulitton of right vagus 

1 

' 1 

19 

37 

10 47 

Stimulation of right vagus 

t t 

i ' 

1') 

3i 

10 61-10 57 

Stimulation of left cervical sj nip ithetic 




11 02 

rpmephnn injection 3 

22 



11 15 

Stimulation of right vagus 

1 

1 

19 

37 

11 50 

Epinephnn injection 4 

1 

23 



12 00 

Stimulation of nght v igus | 

I 

18 

35 

12 10 

Epinephnn injection 5 | 

29 



12 30 

Epinephnn injection 6 ' 

34 



12 45 

Epinephnn injcetion 7 

38 



1 OO 

Stimulation of nght vagus 


1 

37 

1 15 

Epinephnn injection 8 

48 

I 


1 21 

Stimulation of right vagus 


18 

38 

1 28 

Stimulation of left vagus 


18 

39 


SUMMARY 

1 In cats pithed to midthorax, repeated stimulation of either vagus 
with a given strength of stimulus results in a uniform series of 
responses, both as to degree of depressor effect and duration of cardiac 
inhibition The pithed cat is, therefore, an excellent preparation for 
determining alterations in the excitability of the cardiac vagus 

2 After inducing secretory activity in the thyroid gland, even at a 
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time when increased pressor response to a given dose of epmephrm 
gives evidence that there has been a pouring out of thyroid secretion, 
theie is no significant alteration in depressor effect or duration of 
cardiac inhibition following stimulation of either vagus nerve 

3 It IS therefore evident that aftei the thyroid gland has liberated 
its secretion in sufficient amount to sensitize the sympathetic structures 
acted on by epmephrm in raising arterial pressure, there is no demon- 
strable effect on the excitability of the endings of the cardiac vagus 
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THE MAINTENANCE DIET IN DIABETES MELLITUS AS 
DETERMINED BY THE NITROGEN 
EQUILIBRIUM 

HERMAN O MOSENTHAL, MD 

AND 

SAMUEL W CLAUSEN, MD 

In the treatment of diabetes mellitus there are two guiding prin- 
ciples which determine the caloric value of the diet In the first place, 
the quantity of carbohydrates, piotems and fats offered the patient 
must be within his carbohydrate tolerance , that is, the diet must be so 
regulated that the urine remains sugar- free It is generally acknowl- 
edged that under these circumstances the disease itself is treated m the 
most effective manner Secondly, a diet of sufficient caloric value 
should be offered the patient so that his health and strength may be 
maintained at a normal level It is readily appreciated that these two 
guiding principles of treatment are diametrically opposed to each other 
in many respects The one demands a restricted diet, and in many 
instances, undernutrition , the other calls for a larger amount of food 
The first aims at treating the disease, diabetes mellitus, the second 
attempts to conserve the nutrition of the patient The neglect of eithei 
factor may entail undesirable results 

During the past years emphasis has been continually placed on the 
dietary restriction and the prevention of glycosuria Previously, on 
account of lack of full appreciation of the results which could be 
obtained by a more drastic curtailment of the food calories, this idea 
was not pushed to its logical conclusion of controlling the glycosuria 
of nearly every diabetic patient Through the efforts of F M Allen, 
by systematic and radical reductions in the food, this may be easily 
accomplished in most cases ^ The widespread use of these very limited 
diets has brought up the question of how little the individual may eat 
and yet remain physically and mentally fit It is the object of the 
present paper to furnish at least a partial answer to this question 

At present it is believed that “diabetics generally have no higher 
food requirement than normal, and, on account of undernutrition and 
lessened muscular activity, will tend to maintain equilibrium on a 
smaller number of utilizable calories than normal persons One 
factor which the above statement implies is that the lower the nutri- 

* Submitted for publication Nov 26, 1917 
From the Medical Qinic of the Johns Hopkins Hospital 

1 Allen, F M Boston Med and Surg Jour, 1915, 172, 241 

2 Allen, F M, and DuBois, E F The Archives Int Med, 1916 17, 1010. 
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tional state of a diabetic or anyone else becomes, the less will be the 
food requirements necessaiy^ to reach a maintenance level When such 
a subnormal state is reached, and the main object of treatment is to 
keep the patient alive and not necessarily efficient, a partial failure in 
our therapeutic aims must be acknowledged The maintenance diet, 
under ideal conditions, should be sufficiently high not only to enable 
the patient to live, but also to carry on an average amount of physical 
and mental work without undue fatigue 

The standard for maintenance for the diabetic may be sought for 
in one of tvo critena first, the caloric requirement, and second the 
nitrogen equilibrium The caloric requirement may be readily ascer- 
tained according to the height-v eight formula of Du Bois and Du Bois “ 
Food administered in accordance with this standard^ should satisfy all 
theoretic demands The nitrogen equilibrium represents the lowest 
possible diet which could be exacted of any patient Food, under these 
circumstances, results in the conservation of the protein tissues, but 
does not necessarily prevent the loss of fat This principle has been 
applied in the treatment of obesity , it as successfully used in the pro- 
longed dietetic experiments of Chittenden on normal people, and is 
employed here No living being can afford to lose muscle and glandular 
tissue indefinitely How far the fat store of any individual ma)”^ be 
depleted with advantage is another question There is much to be said 
in favor of allowing the diabetic to become thin, so that his metabolism 
may be established at a lower level, as has so frequently been urged 
but.it should be distinctly appreciated that this loss of weight should 
occur in the fats and not in the vitally necessarj^ proteins It is with 
these ideas in mind that the nitrogen equilibrium has been chosen as 
the lowest possible food standard by which diabetics may be maintained 
in a state of physical and mental uellbeing over long periods 

The kmd of food provided for the diabetic may ultimately prove to 
be of more importance than is accredited to it at present That a 
protein-fat diet Ioav in carbohydrate should be emploj^ed is common 
knovdedge The proportion of fat and protein, however, and the 
height to vhich the protein-fat foods are raised before carbohydrates 
are added are still open questions which are answered in widelj 
di\ ergent \\ ays bj’- different clinicians In the present observations the 
diets outlined in Tables 1 and 2 were used whene\er possible These 
are as low in fats as it is possible to make them and yet render them 
palatable over long periods, and they afford the maximum variety of 
vhich a carboh}drate-free list is capable The lov fat content of these 
diets vas insisted on as being the most satisfactory manner in which to 

3 Du Bois, D, and Du Bois E F The Archives Ixt AIed, 1916, 17, 863 

4 Gephart, F C, and Du Bois, E F The Archi\"es Ixt Med, 1916, 17,902 
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TABLE 1 — Diets of Specified Caloric Value in Which the Fat Is 
Kept at a Low Lei'el The Protein and Fat Are Approximately 
Equ \l ro Each Other, Gram for Gram From These 
Tabulations, Approximate Diets of Any Caloric 
Value May Be Readily Calculated These 
Are the Diets Used in Most of 
THE Present Observations'* 


Food 

500 

Calories 
Gm or 

0 c 

r 

1,000 
Oalones 
Gm or 

Cc 

1,500 ! 

Calories ' 
Gm or 

Cc 

2 COO 
Calories 
Gm or 

C c 

Breakfast 


1 

J 

1 


Eggs 

(1) 50 

(2) 100 . 

1 

(2) 100 

Bacon" 

40 

£0 

CO 


Ham 




75 

Butter 

1 

5 

10 

15 

Ycgetablest 

i 

J 

j 

1 1 
i 1 

100 

Black toffee 

1 

! 

1 : 

' 1 


Dinner 


j 

! 


Broth 

130 1 

150 1 

150 

160 

Steak: 

40 

100 ‘ 

140 j 

160 

A egetablest 

200 

200 

200 

SOO 

Cream cheese 



20 ; 

SO 

Butter 

5 

10 

1 

20 

Olive oil 


10 

1 13 

15 

Black coffee 


1 


! 

Supper 


i 

i 

i 

1 

Broth 

. , 150 

150 

150 

i 

j 160 

Eggs 



1 (1) 50 

j (2) 100 

Steak: 

! 40 

i 

75 

j ICO 

1 140 

A egetablest 

1 200 

200 

200 ^ 

300 

Butter 

\ 

1 5 

10 

15 1 

1 20 

Tea (plain) 

\ 

1 


1 

1 

1 

Total Yalue of 



i 


Protein 

40 4 , 

712 

i 99 9 

, 135 7 

Fat 

310 ' 

716 

110 7 

H4 4 

C irbolivdrate 

12 0 

120 

12 5 ! 

1 217 

Calories 

503 

l,t06 

1 4S9 

1 


* The bacon is -n-eighed uncooLed The fat and protein content is calculated for the 
cooked product 

t Two o” three different ^egetables should 1 e chosen from the accompanyrng list (Table 2), 
which tabulates the vegetables containmc- 5 per cent or less of carbohydrates 

t The caloric equivalent of other carbohvdrate free meat or fish should be frequentlv 
substituted from the accompanymg hst (Table 2), to furnish varietj in the diet 


5 For complete details of these diets, see Jour Med Soc New Jerset 1916 
13 , 339 
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TABLE 2 — ^List of Meats, Fish and Vegetables Allowed in the Diets 
OF Table 1 The Meats Are Tabulated in Units Approximately 
THE Caloric Equivalent of 10 Gm of Beefsteak, and 


May Be Substituted for the Same 
Value or Beefsteak in Table 1 

Caloric 


CALORIC equivalent 

OF 10 GM OF 

STEAK 

IN 

CARBOHYDRATE-FREE MEAT OR FISH 

Food 

j Gm 

1 

Fat, 

Gm 

! Protein, 

' Gm 

Calories 

Steak 


10 


10 

1 24 

19 

Boast beef 


, 5 


i 1 i 

1 11 

! 

Tongue 


7 


' 1 4 

16 

20 

Lamb chop 


1 ^ 


1 5 

11 

18 

Boast lamb 


8 


I '' 

16 

1 20 

1 

Sweetbreads 

1 

1 


1 

01 

4 4 

19 

Boiled ham 

i 

7 


1 4 

15 1 

19 

Fried ham 

1 

6 


17 

11 ! 

[ 20 

Boast pork 


9 


09 

- ! 

i 

Bacon 

1 

1 

g 


17 

1 ] 

■ 09 1 

20 

Ohicken 


II 


10 

, 24 

19 

Duck 

1 

9 


13 

18 1 

19 

Guinea hen 

1 

12 


08 

28 

t 

19 

Squab 

1 

9 


1 1 

’ 2 1 

19 

TurKej 


7 


13 

20 

20 

Bluefish 


13 


06 

o 5 

20 

Halibut 


IG 


07 

33 

.0 

Mackerel 


IG 

1 

10 

2 5 

20 

Sardines in oil 


7 


14 

, 16 

20 

VEGETABLES ALLOWED 

ON “cARBOHYDRATE-FREE” DIET 


Asparigus 

Brussels sprouts 
Cabbage 

Cauliflower 

Celerj 

Cucumbers 

Eggplant 

Endi\e 

Greens 

Kohl rabi 


Lettuce 

Pickles (sour) 
Bhubarb 
Sauerkraut 
Sorrel 

Spinach 

String beans 

Swiss chard 
Tomatoes 

Watercress 


control acidosis It may be noted that the fats and proteins reuiain 
approximately equal to each other, gram for gram, throughout these 
diets 

' The nitrogen of the food was either calculated according to Atwater 
and Bryant's tables,® or actually determined by analysis The corre- 
spondence between the two methods was close enough to justify the 
use for the present purposes of the values as given in the tables The 
nitrogen of the food, urine and feces were all determined by the 


6 Atwater, W O , and Bryant, A P Bull No 28, U S Dept Agric , 1906 
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Kieldalil method Most of these patients were tinder strict supervision, 
either in a small metabolism waid or in the private looms Twenty- 
four cases were studied Of these, only a few will be given in detail 
The urinary glucose was estimated by Benedict’s’’’ modification of 
Fehling’s solution, the acetone substances in the urine by Shaffer’s® 
procedure, and the blood sugar by the method of Lewis and Benedict® 
or that of Bang 

The number of calories of the protein-fat diet necessary to bring 
about nitrogen equilibrium was found to be slightly greater than, equal 
to, or considerably less than the total average caloric requirement of 
persons of the same age and sex as the diabetics (Tables 3 and 4 ) 

Since it IS known that “if a given subject’s basal metabolism is more 
than 10 per cent from the average, it may be regarded as abnormal, 
but cannot be proved abnormal unless the departure is at least 15 per , 
cent it may be concluded that the amount of food demanded to result 
in a nitrogen balance is not greater, in any one of the present series of 
cases, than the upper limits of normal metabolism, but may be lower 
(Table 4) This finding for diabetics is in strict accord with that of 
E Voit and Korkunoff,’^® who demonstrated that under normal con- 
ditions, “if fat and meat be ingested together, the quantity of the latter 
necessary to establish nitrogenous equilibrium is reduced to between 
1 6 to 2 1, the starvation minimum ” 

The case^® detailed in Table 5 demonstrates at what a low level of 
metabolism a nitrogen balance may be obtained This child was evi- 
dently an instance of “total diabetes ” The D N ratio was constantly 
in the neighborhood of 3 65 1, indicating that no carbohydrate, derived 
either from the small amount of ingested starch or from the protein, 
was utilized Inasmuch as starch, whether preformed or derived from 
protein, has been considered the most efficient sparer of nitrogen, it is 
remarkable that in this patient nitrogen equilibrium could be effected 
on a diet of 19 calories per square meter per hour, which is only a 
fraction of the normal standard (Boys 12 to 13 years of age on such 
a diet may be considered to have normal standard of metabolism of 
549 calories per square meter per hour, Gephart and Du Bois do not 
give any figures for the normal basal metabolism of girls ) On calcu- 
lating the metabolism for the whole period of observation it is noted 
that although only 0 49 gm of nitrogen were lost per day, yet the food 

7 Benedict, S R Jour Am Med Assn , 1911, 57, 1193 

8 Shaffer, P A Jour Biol Chem , 1908, 5, 211 

9 Lewis, R C , and Benedict, S R Jour Biol Chem , 1915, 20, 61 

10 Bang, I Biochem Ztschr , 1913, 57, 300 

11 Gephart, F C , and Du Bois, E F The Archives Int Med , 1916, 17, 906 

12 Lusk, G Science of Nutrition, Ed 3, 1917, p 254 

13 This patient was studied m the pediatric clinic under Dr J Howland, 
the blood sugar was determined by Harold L Higgins 



TABLE 3 — Condensed Data fkom Cases oi Diabetes Mellitus, Which 
Show, by Periods, the Relation of the Caloric Value of the 
Diet to Maintenance, as Measured by the Nitrogen 
Equilibrium The Daily Caloric Value or the 
Food Was Approximately Constant 
During Each Period 


1 

1 : 


Glyeo 

Nitrogen per Daj , Gm 

Garbo- 

Oalo 

Oalo 

rles 






hydrate 

rics 


Period, 




1 

Patient 

suna, 


Output, 


Free 

per 

per 

! Dajs 

Gm 


(Urine 


Hiet, 

Kilo 

Sq M 



per 

Intake 

and 

Balance 

Calories 

per 

per 


1 ! 

i 

Hay 

1 

Peces) 


per Hay* 

Bay 

Hour 


! 3 

1 1 

0 

11 4 

14 9 

-45 

1,006 

22 2 

27 8 


4 

0 

1 161 

17 9 

—18 

1,503 

j 33 1 

416 

Case 1 

1 

7 

0 

17 9 

16 7 

+1 2 

1,704 

37 5 

47 2t 

Med Hist Nos 1 

1 






36810 and 37m i 
Man nged 38 

9 

Trace 

22 2 

21 6 

+0 6 

2,003 

441 

55 4 

Height, 5 ft 7 in 




Two 

months 

later 



(170 cm ) 

Weight 100 lbs 

9 

6 

15 6 

16 7 

—1 1 

1,504 

331 

416 

(45 4 Lg ) 

General condition, 

5 

0 

10 7 

14 8 

—4 1 

950 

20 9 

26 3 

verj poor 

3 

9 , 

151 

159 

- — 0 8 

1 1.^73 , 

32 4 

40 8 


14 

i 

0 1 

18 5 

176 

+0 9 

1,711 

37 7 

47 4 


16 

0 

1 

1 

18 9 

177 

, 1 

+t 2 

1,984 

437 

54 9 


4 

45 

i 17 6 


+1 5 

1,487 

29 5 

39 7 

Case 2 









Med Hist No 36901 
Woman, aged 35 

i 2 

! 30 

18 4 

j 17 5 

+0 9 

1,811 ] 

1 

35 9 

4B4 

Height, 5 ft 6 in 

4 

8 

13 7 

14 6 

— 0 y 

1,106 ' 

219 

29 5 

(168 cm ) 

Weight, 111 lbs 

8 

0 

40 

90 

—4 4 

591 1 

117 

15 5 

(50 4 kg) 









General condition, 
fair 

2 

0 

14 5 

158 

—IS 

1,182 

23 5 

SIG 

46 7 

5 

0 

20 0 

14 4 

+5 6 1 

j 

1,750 

34 7 


8 

0 

1 

14 0 

15 2 

—12 

1,412 

28 3 

36 3 

Case 3 








! 

25 4 

Med Hist No 37161 

3 

0 

114 

15 5 

—41 

988 

19 8 

Man, aged 43 
Height, 5 ft 10 in 

3 

0 

18 5 

15 2 

+3 3 

1,700 ; 

34 1 

43 7 

(178 cm ) 

Weight 110 lbs 

8 

0 

194 

1 179 

+1 5 

2,104 1 

42 2 

54 1 

(49 9 kg ) 1 

General condition, 

1 

0 

74 

13 8 

1 

—64 

500 j 

10 0 

12 9 

poor 

2 

1 

0 

25 6 

' 18 2 

+7 4 

! 

1 

' 2,193 1 

1 ' 

44 0 

58 4 

Case 4 

7 

3 ! 

79 

11 51 

—36 

t 

712 

11 9 

18 2 

Med Hist No 36776 
Woman, aged 56 

4 

0 

13 1 

12 9} 

+0 2 

1,133 

18 9 

29 0 

Height, 5 ft 3’/^ in 
(161 cm ) 

3 

0 

16 

5 5t 

—39 

49 

08 

13 

Weight 132 lbs 
(59 9 kg ) 

2 

0 

11 6 

11 4J 

+0 2 

! 1,056 

17 6 

27 0 

General condition, 
normal 

11 

0 

15 1 

1 

11 9 { 

+3 2 

1,523 

1 

25 4 

39 0 

Case 5 



! 






Med Hist No 37488 



} 1 






Man, aged 26 

Height 5 ft <) in 

7 

0 

14 7 

12 9 

+1 6 

1,470 

25 3 

35 9 

(175 cm ) 

Weight, 128 lbs 
(58 1 kg) 

General condition. 

3 

0 

20 0 

14 1 

+5 9 

1,943 ' 

33 4 

47 4 

fair 


. — ■ - 




: L 




* “Cirbohydrate free" diets contain approximately the proportion of proteins, fats and 
c^^bohyd^ates given in Table 1, with the exception of Cases 8 and 9, in which the earn 
bvdnte content of the food ms somenbit higher 



TABLE 3 — Condensed Data from Cases or Diabetes Mellitus, Which 
Show, b\ Periods, the Relation or the Caloric Value or the 
Diet to Maintenance, as Measured by the Nitrogen 
Equilibrium The Daily Caloric Value or the 
Food Was Approximately Constant 
During Each Period — 

Contumcd 




Glvco 

suna, 

Gm 

per 

Day 

. 

Nitrogen per Daj , Gm 

Garbo 
hs drate 
Free 
Diet, 
Calories 
per Daj* 

Oalo 

ties 

per 

Kilo 

per 

Day 

Calo 

ries 

per 

Sq M 
per 
Hour 

Patient 

. . 

Period, 

Dn4s 

Intake 

Output, 

(Urine 

and 

Peces) 

Balance 


4 

45 

12 6 

15 5 

—2 9 

1,318 

212 

33 8 

Case 6 I 

Med Hist No 372GT 

s 

22 

10 2 

14 7 

—4 5 

988 

18 2 

25 3 

Man, aged 35 

Height, 5 ft 7 in 

5 

0 

54 

10 9 

—55 

421 

78 

10 8 

(170 cm ) 1 

Weiglit I'O lbs ' 

4 

0 

13 3 

12 0 

+1 3 

1,039 

20 2 

28 2 

(54 4 kg ) 

General condition. 

4 

0 

15 a 

13 B 

+2 3 

1,465 

26 9 

37 5 

normal 

8 

0 

18 0 

15 5 

+2 5 

1,728 

31 9 

44 3 

Case 7 

6 

5 

15 G 

23 0 

—SO 

1,503 

24 1 

301 

Med Hist No 372G] 
M in, aged 41 

Height, 5 ft 8 In 
(173 cm ) 

5 

0 

15 6 

17 3 

—1 7 

1,505 

24 4 

361 

3 

0 

17 0 

171 

-01 

1,614 

20 2 

38 7 

Weight, loG lbs 
(01 7 kg ) 

3 

0 

18 8 

23 1 

—43 

1,903 

30 8 

45 6 

General condition, 
normal 

3 

0 

21 4 

19 9 

4*1 5 

2,048 

33 2 

49 1 


12 

0 

82 

99 

—1 7 

009 

17 9 

20 9 


3 

0 

13 4 

10 8 

+2 6 

1,152 

33 9 

39 5 


0 

Trace 

12 C 

1G91 

-4 3 

1,284 

37 8 

44 0 

Case 8 

5 

0 

74 


—35 

595 

17 5 

20 4 

Med Hist Nos 

36SS7 and 37230 

9 

0 

13 5 

14 6 

—11 

1,157 

34 0 

39 6 

Boy, aged 13 
Height, 4 ft 11 in 

C 

0 

14 9 

15 3 

—04 

1,449 

42 6 

49 7 

(150 cm ) 

Weight 75 lbs 

5 

0 

15 4 

15 7 

—0 3 

1,363 

401 

46 7 

(34 0 kg ) 

General condition, 
normal 

3 

0 

12 0 

Si\ 
15 2 

veeks 

—23 


32 4 

37 7 


6 

0 

18 4 

16 4 

+2 0 


44 4 

51 7 


1 

1 0 

84 

94 



18 2 

21 2 


7 

0 

21 7 

19 0 

1 

+2 7 


49 6 

57 8 


1 

0 

59 

1 

13 4 

—7 5 

532 

19 6 

19 5 


8 

1 0 

85 

99 

—1 4 

994 

36 5 

36 4 

Case g 

Med Hist No 3G838 

7 

, 0 

70 

80 

—10 

570 

210 

20 9 

Girl, aged 12 

Height, 5 ft V-h. in 

11 

1 

1 Truce 

87 

99 

—12 

858 

315 

31 4 

(15G cm ) 

Weight, 60 lbs 

4 

1 

58 

85 

—27 

529 

19 5 

19 4 

(27 2 kg ) 

General condition. 

8 

! 0 

86 

j 88 

—02 

840 

30 9 

30 8 

poor 

2 

i 0 

46 

1 95 

—49 

360 

13 2 

13 2 


11 

^ 0 

80 

1 99 

—13 

832 

30 6 

30 5 


t The figures printed in heavy type indicate periods in vhieh a positive nitrogen balance 
vas obtained, the figures in lighter print indicate the periods of nitrogen loss 

X In these instances, the nitrogen of the feces was estimated as 10 per cent of the 
nitrogen intake, the remaining figures represent actual determinations 










276 


H O MOSENTHAL—S W CLAUSEN 


ARCH INT 


TABLE 4 — Summary of Table 3 Caloric Requirement Necf'^sary to 
Produce Nitrogen Equilibrium in Cases of Diabetes Mellitus, 

AS Compared with the Normal Metabolism of Individuals 
OF THE Same Age and Sex 


Case 

Age 

1 

1 



Calories per Hour per Square 
Meter of Body Surface 

Caloric 
Requirements 
Necessary 
to Establish 

N Equilibrium 
as Compared 
with Normal 
Metabolism 

‘^ex 

1 

1 

i 

1 

1 

i 

General 

Oondition 

Highest 
at which 
N Equl 
hbrium 
Was Not 
Obtained 

liowest 
at which 
N Equi- 
librium 
Was 

Obtained 

j 

Normal 
Metabo ! 
lism* 1 

1 

1, Period 1 

38 1 

M 

Very poor ! 

416 j 

1 47 2 i 

1 

; 43 7 ^ 

8 per cent higher 

Period 2 


1 

1 

1 

416 j 

47 4 1 

43 7 

8 per cent higher 

2 

35 

F 

Fair 

316 

39 7 ' 

40 6 

Unchanged 

3 

43 

M 

Poor i 

36 3 j 

43 7 

43 7 

Unchanged 

4 

66 

F 

Normal 

18 2 1 

27 0 

36 0 

25 per cent lower 

5 

26 

M 

Fair 


35 9 

43 7 

18 per cent lower 

6 

35 

M 

Normal 

33 8 

28 2 

43 7 

28 per cent lower 

7 

41 

M 

Normal 

45 6 

491 

43 7 1 

12 per cent higher 

8, Period 1 

13 

M 

Normal 

49 7 

39 5 i 

549 1 

28 per cent lower 

Period 2 




37 7 

517 

64 9 

6 per cent lower 

9 

12 

r 

) 

Poor 

36 4 1 





* Basal metabolism according to F 0 Gephart and E F Du Bois (The Archi\’ES Int 
Med , 1916, 17, 902) plus 10 per cent to allow for the specific dynamic action of the diet 


actually utilized amounted to only 13 9 calories per kg per day, or 
12 9 calories per square meter per hour This remarkable effect of a 
low, pure protein-fat diet in conserving the body’s nitrogen may be the 
reason for the fact that this emaciated child was able to “walk around 
and go riding” three months later, although she was still excreting 
large amounts of sugar The present case is one of the rare instances 
in which a maximal D N ratio did not prove to be a sign of immediate 
danger or impending death The fluctuations manifested in the D N 
ratio from day to day are similar to those noted in other cases, and 
may be explained by irregular periods of glucose excretion and reten- 
tion and not necessarily through inefficiency in the management of the 
case “ 

From the clinical point of view it is extremely important to know 
whether or not it is possible to restore the lost body tissue , in other 
words, cause an assimilation of nitrogen, on these diets The generally 
accepted fact is that it is difficult to cause a prolonged deposition of 
protein on a protem-fat diet Strictly speaking, the “carbohydrate- 
free” diets used in diabetes, as in the present report, contain from 10 

14 Mosenthal, H O , and Lewis, D S Bull Johns Hopkins Hosp , 1917, 
28, 187 

15 Lusk, G Science of Nutrition, Ed 3, 1917, p 255 



TABLE 5 — Data FROM a Case or Diabetes Mellitus, Girl, Aged 8 Years, 9 Months, PIeigiit, 4 Feet 8 Inches (142 cm). 
Weight, 47 Pounds 3 Ounces (21 4 kg ) This Paiifnt Is Suffering from Severe Diabetes Mellitus, as 
Shown by thl Very High D N Ratio, at the Same Time Her Caloric Requirements Nec- 
essary TO Establish Nitrogen Equilibrium Are Very Low 
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to 15 gm of starch derived from the vegetables It is rather problem- 
atical what effect such a small amount of carbohydrate may have In 
some instances, there is no tendency for the body to assimilate nitrogen 
to any marked degree This is exemplified in Case 1, Table 3 This 
patient showed no appreciable rise in his slight positive nitrogen 
balance when the diet was increased after nitrogen equilibrium had 
once been obtained, either in the first or second periods of study On 
the other hand, some diabetics exhibit the ability to assimilate nitrogen 
while on “carbohydrate-free” diets This may be noted in Table 3, 

Case 2 retained 28 gm of nitrogen in 5 days , Case 4, 35 gm in 11 days. 

Case 5, 29 gm in 10 days , Case 6, 34 gm in 16 days, and one diabetic 
patient of this series whose protocol is not charted, retained 49 gm of 
nitrogen in 17 days It is perfectly apparent from these data that the 
diabetic may often build up body protein while on a carbohydrate-free 
diet 

A study of Tables 3 and 4 reveals some apparent contradictions 
In Cases 6 and 8, the highest caloric value of the food at which nitrogen 
equilibrium was not obtained is greater than the lowest value at which 
equilibrium was obtained These inconsistent results are no more 
opposed to one another than the very varying heights of metabolism 
required to produce nitrogen equilibrium in the different cases 
(Table 4) What the specific reason for the caloric requirement is in 
each case is impossible to determine , it may be stated definitely, how- 
ever, from the data of Case 1 (Tables 3 and 4), that these factors may 
have a tendency to remain constant, although in some individuals they 
may vary as in Cases 6 and 8 

In Case 6, Table 3, it is apparent that m the first two periods the 
nitrogen output is higher, with a lower nitrogen intake than it is in 
some of the subsequent periods The same fact may be noted in Case 2, 

Table 3 In both of these patients there Avas a considerable glycosuria, 
while this slight excess of urinary nitrogen manifested itself It may 
ha\e been that the caloric loss of the urinary sugar resulted in a greater 
destruction of protein, or it may be that these are mild examples of the 
very marked protein breakdown and excessive amounts of urinary 
nitrogen at times found in diabetes, as in the case of Geyelin and 
Du Bois In either event it is certain that nitrogen equilibrium was 
established at a considerably lower caloric food level in Case 6 after 
' the glycosuria had subsided It must be distinctly recognized, however, 
that the glycosuria in itself, although very marked, need not result in an 
increased caloric demand to establish nitrogen equilibrium This is 
well shown in the case detailed in Table 5 

The discrepancy m Case 8 is well explained in Table 6, which gives 


16 Geyelin, H R , and Du Bois, E F Jour Am Med Assn , 1916, 66, 1532 



TABLE 6— An Abstract irom thl CoHPion Protocol oi Casi 8, Iabil 3 Ehict or a Slight “Cold” on Glycosuria 
Acetonuria, Blood Sugar and Nitrogen Equilibrium in a Casl or Diabetes Mellitus, Boy, Aged 13 


Remarks 

Contracted slight 
! "cold" 

Maximal tempera 
ture, 99 8 F , tern 
peraturo normal 
on all other days 

! 

Blood 

Sugar, 

per 

Cent 

010 

013 

0 09 

Food 

Calories 

per 

Sq M 
per 
Hour 

ClCiCir-OOCirHCOOeOt-HCOOCilAWCO 

THCOODOlfiC^iaCOCiJ:^C4M<lf3lftC5C'lC-l 

t-tr^C^CQOOCOCOCO-^'^ 
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Calo 

ries 

T-ic*'Cocococoi«ooii:>c'«ocvjM<ioco'*t' 

C5r^»-^r^COC^rH»OlAl'-OOOOrHC'JCJ 

Car 
bohy 
dr ito, 
Gra 

1 

31 3 

11 2 

112 

11 2 

11 2 

13 9 

18 0 

181 

18 0 

ISO 

ISO 

18 0 

18 0 

20 3 

18 0 

33 3 

313 

Eh6 

51 3 

CGC 

CCG 

COO 

85 5 

82 2 

09 

31 0 

33 6 

52 8 

60 6 

60 3 

6CG 

61 6 

80 9 

77 5 

838 

Pro 

tcin, 

Gm 

1 

t-«COO&OrHlft'^CMCOOr-«0’^-9^rHe>J 

r-.f-irHi-^r-ooC'Ji-^C'cocociCooe'ico 
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0 €C 0 C-* 0 « C;1 T-* r-l p p Q 

-r-r + +lllllllllTlTT 

Out 

put 

Nitro 

gen, 

Gm 

10 GS 

9 27 

12 IG 

10 55 

1188 

18 81 

8 08 

10 21 

11 S3 

1109 

13 22 

14 31 

11 03 

14 68 

14 31 

1183 

14 25 

wm 

♦ **»>*• 

OOOOOOOpOOrHi-Hr-»r-lrHiHrH 

!i3?Ot^C/JWWt^JOOOC500C505C5 

OOOPOOOOOOOOOOPOO 

i 

! 

j 

o 

c 

1 

2 c = 

p mS 

COr^C3WCO'^OOrHl'*5 0rHC>(Mt^Or'l'-< 

CwCrjC5\NO«ii'^OtNCC*n‘?-Ht>--^OCO 
OCO’^O'^’COt^CiT-iOCMCi^OCOCOCCCO 
^ i-H r^T— * 

Dla 

cetic 

Acid 

+ - 1 - + + + + + + + + + + + 0000 

Acc 

tone 

+ ,,+i + + + + + + +ij-4. + + 

+ + + + ;|: + + + + + + + + ^^ + + 


0 

0 

0 

0 

TTace 

Trace 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

■3 S o 
§0 

1,245 

1,070 

1,670 

1,260 

1,605 

1,640 

1,260 

990 

1,435 

1,870 

2,620 

2 680 

1,840 

2,550 

2,030 

2,360 

2,300 

Bate 

11/16/16 

11/17/16 

11/18/16 

11/19/16 

11/20/16 

11/21/16 

11/22/10 

11/23/16 

11/24/16 

11/25/lG 

11/26/16 

11/27/16 

11/28/16 

11/29/16 

11/30/16 

12/ 1/16 

12/ 2/16 


Aitrogcn content of feces estimitcd, not determined 
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a portion of the protocol in detail In the first days a nitrogen balance 
was readily obtained on a diet of about 1,000 calories On November 
19 a definite series of changes appeared Each one of these variations 
in Itself might not have been worthy of attention, but taking them 
together they showed that many of the metabolic processes were syn- 
chionously affected The acetone and diacetic acids inci eased in the 
urine, as shown by the qualitative tests, a trace of glucose was found m 
the urine, the nitrogen excretion rose considerably, the nitrogen balance 
became negative, and the blood sugar increased, although the diet was 
scarcely changed for three days All of these phenomena were evi- 
dently brought about by a "cold in the head” of so slight a nature that 
the patient himself scarcely complained of it, and the body temperature 
only rose to 99 8 F on one day All these symptoms promptly rectified 
themselves with the disappearance of this infection of minimal inten- 
sity, except one the power to establish nitrogen equilibrium at the 
former low diet level was lost and remained so when the patient was 
tested out again six weeks latei It is well known that nervous shocks 
and the severer infections play havoc with the health of diabetics That 
a very slight disturbance should have such far-reaching effects is 
worthy of consideration in the management of these cases 

A study of Tables 3, 4 and 5 shows that the general condition of 
the diabetic, that is, whether his state of nourishment be normal, fair, 
poor or emaciated, tends to have no direct bearing on the number of 
calories per square meter per hour required to establish nitrogen 
equilibrium 

Case 9 (Tables 3 and 4) is an instance of a patient in whom 
nitrogen equilibrium could not be established without the appearance 
of glucose in the urine The treatment in this case was to continue the 
inadequate diet and maintain the urine in a sugar-free condition The 
lesult has been a slow but evidently perceptible loss of weight and 
stiength Case 4 (Tables 3 and 4), a woman in good circumstances, 
has continued on the given diet for one year, attending to her social 
and household duties, and has gained strength and a little weight, 
although her diet is a low one In Case 5 (Tables 3 and 4), the patient 
has taken the low diet indicated for an interval of 6 months, during 
this period he has solicited contracts for an engineering company, being 
on his feet nearly all the time, and feels perfectly strong and wefi In 
Case 7 (Tables 3 and 4) the patient reports that he has taken the 2,000- 
calory carbohydrate-free diet for a period of eight months while he has 
been working as a farmer, and that his health and strength are good, 
though he has gained no weight These few examples may serve to 
indicate (they are too few to prove the claim) that a diabetic need take 
Oiil} sufficient calories to result in a nitrogen equilibrium in order to 
bi ing about a maintenance of health and strength 
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CONCLUSIONS 

Diabetic patients may be established in nitrogen equilibrium by a 
carbohydrate-free diet having a caloric value equal to the standard 
total caloric requnement In many instances this may be accomplished 
at a considerably lowei level of feeding The factors which determine 
the dietary level at which a diabetic attains a nitrogen balance are 
apparently very numerous, and not fully determined, glycosuria at 
times, and infections, even of very slight degree, may necessitate a 
higher diet to bring about the desired result 

A marked assimilation of nitrogen may occur in diabetics while on a 
carbohydrate-free diet 

The lowest diet which will conseiwe the physical and mental effi- 
ciency of the diabetic is that which maintains the nitrogen equilibrium 
of the patient A rough estimate foi clinical purposes of what con- 
stitutes a maintenance ration for the diabetic on a carbohydrate-J^ree 
diet, IS fiom 1,500 to 2,000 calories In adjusting the value of the diet 
It should be borne in mind that women and small persons generally 
require less food than men and larger persons 
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THE DISTRIBUTION OF BILE IN CERTAIN 
TYPES OF JAUNDICE =!- 

M A BLANKENHORN, MD 

CLEVELAND 

In a previous publication from this clinic^ it was proposed by me 
to examine the blood for bile in cases of jaundice, and a scheme 
devised to make measurements on blood, stool and urine which, when 
correlated with the color of the skin, might throw some light on the 
role of bile in the various types of jaundice The woik covered by 
this report is the examination of 395 specimens of blood plasma 
together with an examination of the urine and skin, and in a lesser 
number an examination of stool and duodenal contents, according to 
that scheme The methods employed are essentially those previously 
described, but with the following modifications A tintometer con- 
structed in the laboratory is now used to measure the color of the 
plasma, and readings can be made more accurately than by our earlier 
method, by which test tubes were simply held parallel and observed 
down the length of the tube The color of the plasma is taken as an 
index of the bilirubin content and the amount is expressed by a number 
corresponding to the number of times the plasma must be diluted to 
reduce the color to a tint that can just be discerned m a column 
1 cm deep 

I am of the same opinion as formerly expressed, that the yellow 
color of plasma is due solely to bilirubin, and that Gmelin’s test with 
nitric acid can be used to test for it To substantiate this claim I made 
parallel tests in 239 cases, using Gmelin’s and the Huppert-Cole tests 
The results were identical in 224 cases, contradicting in 15 In 3, the 
Huppert-Cole was positive while the nitric acid test was negative In 
12 the nitric acid test w^as positive and the Pluppert-Cole test negative 
But the value of the Huppert-Cole tests depends to a certain extent on 
the quantity of plasma used, and it is sometimes negative because not 
enough plasma is available This slight discrepancy is certainly explain- 
able by the difference in delicacy of the tests and does not disprove at 
all the identity of the substance tested for 

The test for bile salts in the blood is modified so that we may now 
dialyze 3 c c of plasma in 9 c c of water through collodion sacs, where 

Submitted for publication Nov 18, 1917 
* Read before the Association of American Physicians, May, 1917 
1 Blankenhorn, M A The Bile Content of the Blood in Pernicious Anemia, 
The Archives Int Med , 1917, 19, 344 
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formerly we dialyzed 5 c c into 10 c c of water and alcohol For 
cholesterol in the blood I have found no satisfactory and piacticable 
method 

Bile Pigment — Three hundred and ninety-five specimens of blood 
plasma were examined m this manner Of this number, seventy-five 
were described as colorless , that is, thei e was no distinct yellow color 
present, there being only a faint turbidity, or a faint pink or bulf tint 
distinguishing the specimen from water This gioup of seventy-five 
all gave negative results when tested chemically for bilirubin 

Two hundred and twenty-two specimens were distinctly yellow and 
gave a chemical test for biliiubin The specimens of this group 
measured from 15 to 375 Forty repiesents the critical point at which 
the cholemia becomes a visible jaundice Of the 222 specimens, only 
two were over 40 without the patient being jaundiced, and but ten 
weie under 40 with the patient jaundiced 

Between the 75 specimens and the 222 giving a chemical test for 
bilirubin were 94 specimens that were distinctly yellow in color, but 
gave no chemical test for bilirubin It is in this group that the possi- 
bility of the presence of some yellow substance other than bilirubin 
must be seriously considered In this group was the blood from 10 
primary anemia patients, from 7 patients who had been jaundiced pre- 
viously, fiom 11 with acute infectious diseases in which jaundice is 
very common , and 6 with some disease of the liver or gall ducts , that 
IS, 34, or about one third, iii which bilirubin is commonly found In 
some of them bilirubin had actually been found previously, and in 
others it was found subsequently Inferentially, we can say that bili- 
rubin was present m one third of all these, but in amounts too small to 
be detected chemically The remaining two thirds were all from nor- 
mal individuals or patients admitted to the hospital for some condition 
not associated with jaundice In all this class of doubtful, subictenc 
plasmas, at no time was theie ever present any pigment in large 
amounts I have repeatedly tested those specimens for luetin and 
urobilin, which are supposed to pigment the plasma at times, but in 
this group neither of these was found And since it is common to find 
bilirubin in amounts large enough to be tested chemically in perfectly 
normal persons, it is safe to assume that bilirubin is the pigment in this 
entire group of 94 

By an analysis of the 222 specimens of blood plasma that contained 
bilirubin in amounts large enough to give a chemical test, considerable 
light IS thrown on the behavior of bilirubin, per se This has aided 
distinctly in the interpretation of the various findings in paiticular 
groups of cases and somewhat in the interpretation of individual cases 
As indicated in the foregoing, the degree of staining of the plasma 
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varied from 15 to 375 and 40 represents the critical point at which the 
cholemia becomes jaundice, 100 represents a distinct jaundice, 300 and 
over a marked jaundice The series does not contain a case of that 
very extreme jaundice sometimes seen m prolonged, complete biliary 
obstruction 

One hundred and forty-one of the specimens were from jaundiced 
patients, 81 were from patients not jaundiced In the group of 81 
are 14 from normal patients , 20 from patients admitted for conditions 
in no way associated with jaundice I frequently find blood plasma 
very distinctly stained with bilirubin where there is absolutely no expla- 
nation, unless it be that a relative degree of cholemia is normal A 
goodly number of these cases were investigated repeatedly and the find- 
ings confirmed, but no individual or physiologic variation can be 
described as yet On the other hand, the degree of cholemia was fre- 
quently found distinctly above 40, the critical point where jaundice 
should be expected, yet none could be observed by the ward physicians 
Three were found at 50 or over 

Of the 395 examinations made, it was found in seven cases that the 
patient was described as jaundiced, but the plasma was found abso- 
lutely colorless This at first suggests jaundice without cholemia, but 
six out of seven cases were patients with a very severe secondary 
anemia, in which the normal pigmentation is exaggerated by pallor 
and the condition simulates jaundice, the remaining one was described 
as doubtful We thus dismiss from this report jaundice without 
demonstrable cholemia 

I have found that a distinctly higher degree of cholemia can exist 
without choluria, and 60 is found to express the critical point for 
choluria or the average above which cholemia becomes choluria There 
IS, however, a wide range in the degree of cholemia without choluria, 
so much so that when some of the more certain factors concerned in 
the behavior of bilirubin in the blood are determined, this disparity 
may be of much diagnostic importance 

One hundred and fifty-three of 220 specimens showed a chemical 
test for bilirubin in the plasma without choluria These ranged from 15 
to 275 In many cases this retention of bilirubin was associated with 
impaired kidney function In other cases no other retention could be 
demonstrated and there was no reason to expect any impairment of 
kidney function The duration of the jaundice, as well as the inten- 
sity, seems to be a factor in determining this disparity In general, a 
more prolonged and a more severe jaundice is associated with a high 
cholemia when there may be no choluria Also, when there is disease 
of the liver with change in its size and consistency, this disparity is 
frequently marked In diseases of the bile ducts the disparity is less 
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frequent and less marked Choluria without cliolemia was not seen, 
also choluria without jaundice, in so far as bilirubin alone is concerned, 
has not been observed 

From the foregoing analysis of 222 cases in which bilirubin was 
found chemically, I am impressed with the following points in the 
behavior of bilirubin in the blood, that bilirubin is very commonly 
present in the blood of normal individuals in varying amounts , that it 
IS usually readily diffused through the lymph into the skin, but less 
readily through the kidney , that it may be fixed in the blood, and thus 
withheld from lymph and urine , that it is not formed or retained m the 
lymph in higher concentration than in the blood , that it never appears 
in the urine without reaching and maintaining a certain concentration 
in the blood 

Bde Salts — In studying the bile salts in the blood I have thus far 
found no satisfactory quantitative method Further studies on the 
dialysis of blood plasma through collodion into water confirms the 
belief that cholesterm and lecithin are not so dialyzed, and that the 
Pettenkofer test on the dialysate, together with the spectrum, is a 
specific test for bile salts It is not yet possible to bring much ordei 
out of the chaotic findings that appear in investigating bile salts, and 
until a quantitative method is used and a more satisfactory method is 
found for the urine, very little can be said with assurance about the 
behavior of bile salts in the blood A brief analysis of some of the 
results alone is justifiable 

Out of 395 specimens examined, bile salts were found in 124 In 
87 cases bile salts occurred in the blood in conjunction with bilirubin 
This occurs most commonly when bilirubin is highly concentrated m 
the blood and when both bile salts and bilirubin are present in the 
urine In 37 cases bile salts occurred alone This was most often in 
cases of primary anemia, acute infectious diseases, diseases of the hvei 
m which there is change in the size and consistency of the liver, and in 
nephritis In 10 cases bile salts were found m conditions never asso- 
ciated with jaundice In 4 cases bile salts were found in normal indi- 
viduals When larger amounts of plasma are dialyzed, bile salts are 
very often found in normal blood, and it is my impression that if 
15 cc of plasma are dialyzed by the method described and all the 
dialysate be concentrated into 2 c c , the Pettenkofer test will be uni- 
formly positive in normal persons In 106 cases bile salts were found 
in the blood, and not in the urine, m 13 bile salts were in the urine 
and not in the blood This disparity of salts between cliolemia and 
choluria, with a very small number showing salts in the urine and none 
in the blood, but a large number with salts in the blood and none in 
the urine, suggests a process of retention , whether this is due to a 
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fixation in the blood or a diminished permeability of the kidney is not 
yet clear More accurate methods for examining the urine and a 
quantitative study of the blood are necessary to clear this up 

Utobihn — One hundred and thirty-three specimens of blood were 
examined for urobilin and twenty-two found positi\e This rather 
large number was at first surprising after the consistently negative 
results which I have previously reported and which other observeis 
report The method used is the same as that used previously, namely, 
the plasma is centrifuged with an equal volume of 90 per cent alcohol 
saturated with zinc acetate and Ehrlich’s aldehyd reagent added to the 
clear liquid Both the purple red color and the spectrum were found 
in every positive test The positive results are attributed to the selec- 
tion of the patients and the time of taking the specimens 

Of the twenty-two positive cases, in eighteen urobilin occurred in 
conjunction with bilirubin, and in nine cases it was found where no 
jaundice was observed In three instances urobilin was found in large 
amounts in the plasma of patients that were not jaundiced and more- 
over the plasma itself was practically colorless 

The mine was examined in 325 cases and urobilin found 110 times 
In eighty-eight cases there was urobilin in the urine with none in the 
blood In no instance was there urobilin in the blood, with none in the 
urine In but two of the patients in whom a urobilmemia was found 
was there any distinct impairment of the kidney In every case in 
which there was urobilmemia, enormous amounts were also found m 
the urine It is, therefoie, quite obvious that theie is no retention of 
urobilin in the blood Urobilin dialyzes very promptly into water 
through collodion membranes and leaves a perfectly clear and color- 
less dialysate, it can then be found in the dialysate by the Ehrlich 
aldehyd reagent and the spectroscope From the foregoing observa- 
tion we can say that urobilin is frequently found in the blood in large 
amounts without causing jaundice, that it is very promptly yielded to 
the kidney, and that it does not occur in the blood unless it is formed 
in excessive amounts 

We have over a thousand quantitative estimates of urobilin in 
stool and urine according to the methods of Wilbur and Addis but 
I do not feel that this has contributed anything to the general infor- 
mation on the distribution or behavior of bile The difficulties due to 
irregularities in the formation and elimination of stool, catharsis, etc , 
have not yet been overcome, otherwise the method is entirely suc- 
cessful 

In the examination of the urine the methods used are the same as 
previously reported No extensive use has been made of the quanti- 

2 Wilbur and Addis The Archives Int Med, 1914, 13 , 235 
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tative method for biliiubin, as described by Whipple^ Although it has 
worked quite satisfactorily in deeply pigmented plasmas and urines, 
when smaller amounts of pigment aie present I have difficulty m 
getting readable colors 

In a previous publication by Hoover and myself,^ dissociated jaun- 
dice was elaborated and some of its lei ms defined In the present leport 
little can be added to the general premises of that work, especially 
anything on the significance of dissociation itself In considering the 
various groups of cases separately the dissociation begins to take some 
form and meaning Practically every case of jaundice, if the urine 
and blood be followed carefully through the onset and disappearance 
of the jaundice, will present dissociation at some time or other 

Laennec's Cniliosis — I have observed 18 cases of Laennec’s cir- 
rhosis with alteration m size and consistency of the livei, chiefly the 
small contracted liver Some of the patients had ascites Thirty-seven 
observations were made, bilirubinemia was found in 31 instances, 
and in all the 31 cases tliere was jaundice The bilirubinemia varied 
from 20 to 350 Bilirubin was found in the urine of 17 patients, but 
there was a marked disparity between cholemia and choluna, six 
plasmas were found at 60 or over without choluna, biliiubin was not 
withheld from the lymph, but was not always freely yielded to the 
kidney In none of these cases was there any great impairment of 
kidney function, so the bilirubin is probably fixed to the plasma In 
the cases in which the jaundice had been the most prolonged this 
fixation was most marked , the seventy of the systemic symptoms was 
never an index to the fixation Bile salts were found in the blood in 
10 cases , in the urine in 12 There seems to be no retention of the 
salts in the blood 

There is in this group a very common and mystifying dissociation 
of the biliary elements in both blood and unne, from which the 
observer has gathered nothing but confusion In two cases theie was 
at one time a marked increase in the bile output found in the stool, 
associated with a marked jaundice and deep choluna, showing that 
the formation of bile pigment had been increased In three cases 
theie was a vary marked diminution of the output of bile in the stool 
simultaneously with a want of bile in the urine and a very moderate 
jaundice, showing a definite diminution of the formation of bile In 
five there was a distinct diminution of bile m the stool at a time when 
the blood, urine and skin were deeply stained, thus showing that 
obstruction to the drainage of bile sometimes occurs Several cases 

3 Hooper and Whipple Am Jour Physiol , 1916, 40 , 332 

4 Hoover, C F , and Blankenhorn, M A Dissociated Jaundice, The 
Archives Int Med , 1916, 18 , 289 
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went through a period of jaundice and ascites without showing an> 
demonstrable change in the daily output of bile in the stool 

Hanot’s Cvrhosis — Three cases of Hanot’s cirrhosis were exam- 
ined, but very little distuibance in the formation or distribution of 
bile could be found , a thing quite surprising considering the alteration 
in the size and consistency of the liver and the general symptoms 
The same can be said of three cases of syphilitic disease of the liver, 
except of one in which there was great deformity about the hilus of 
the liver, as shown at neciopsy, with obstruction of the ducts 

Obst) active Jaundice — Nineteen cases of obstruction of the bile 
ducts were observed and twenty-three specimens of blood taken 
Twenty-three specimens contained bilirubin, most of them over 100 
All were jaundiced, and all except two Avere accompanied by bilirubin 
in the urine In this group there is very little disparity between 
cholemia and choluria, but inasmuch as there is a higher average 
cholemia than in the cirrhosis group, that point in difference is of 
little value In twelve out of twenty-three plasmas, bile salts also 
were found In the urine, too, bile salts and bilirubin were very 
seldom dissociated in this group This consistency between bile pig- 
ment and bile salts in both blood and urine in obstructive jaundice, 
especially at the onset, or Avhile the process is progressing, is regarded 
by me as characteristic of obstructive lesions Very few exceptions 
to this have been found that cannot be explained by some complica- 
tion, such as septicemia, nephritis, etc After the obstruction is 
relieved the bile salts disappear from the urine and blood first, and 
Ave then have, of course, a dissociation, but the dissociation is of renal 
origin The early obstructive lesions are the best and most common 
examples of the so-called “complete icterus” that is, bilirubin and 
bile salts in both urine and blood The stool in obstructive jaundice 
varies in its bile content according to the extent and duration of the 
obstruction That the bilirubin content of the blood and urine must 
necessarily become greater as the amount in the stool diminishes 1 = 
not true I observed three cases in Avhich the stools were acholic foi 
over a Aveek, during AAdiich time the jaundice remained the same, and 
the same amount of bilirubin Avas given off each day by the urine, 
apparently the formation of bile had been diminished by the obstruc- 
tion to an amount that could be eliminated by the kidney as fast as it 
was formed In all three cases there was no way of estimating the 
condition of the portal blood flow, so that it is not certain that biliary 
obstruction alone Avas the inhibiting factor 

One case has been observed, including a necropsy, in which no 
lesion save obstruction could be found, yet the patient Avent six days 
Avith only a very slight increase in the cholemia and jaundice I am 
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of the opinion that under some circumstances obstruction alone will 
inhibit the formation of bile 

Sixteen cases were investigated in which a diagnosis of chole- 
lithiasis was made, but in which no obstruction could be proved 
Seven of the plasmas contained bilirubin and thiee bile salts, and that 
only in very small amounts None of the patients was jaundiced and 
none had bile in the urine (either pigment or salts) Seven of 
these patients were operated on, and in three gallstones were found, 
but of the three only one showed choleniia before the operation, while 
of the four who had no gallstones at operation, three had shown 
cholemia before the operation The examination of the blood for 
small amounts of bile has thus far been of no aid in the diagnosis of 
gallstones that are pi oducing no obstruction 

Cataiilwl Jaundice — Seven cases of catarrhal jaundice weie exam- 
ined and nine specimens of blood taken Bilirubin was found in all, 
bile salts in four The distribution and behavior of the bile resembled 
obstiuctive jaundice in this respect there was little dissociation of 
the pigments and salts in both blood and urine except after the process 
began to subside There was also an intestinal hypocholia Unlike 
most obstructive lesions, there was frequently urobilin in the urine 

Chiomc Passive Congestion — Twelve cases of heart disease witn 
chronic passive congestion of the liver were examined , most of them 
while decompensated Bilirubin was present in ten cases, bile salts 
in three Only small amounts of bilirubin were found, and but two 
of the patients were jaundiced, and only one had bile in the urine 
There was considerable dissociation m the blood Like Hanot’s cir- 
rhosis, there is little change in the distiibution of the bile pigment in 
proportion to liver changes 

Septicemia — Thirteen patients with septicemia were investigated, 
including 3 cases of typhoid, 5 of streptococcus and 4 of colon infec- 
tions In 10 there was bilirubin in the plasma and 5 bile salts , 6 had 
large amounts and were deeply jaundiced, but only 2 of the 6 had bile 
salts 111 the blood On account of the liability to so many complica- 
tions, especially nephritic, it is impossible to generalize in this small 
group 

Pneumonia — Forty cases of pneumonia were investigated and 48 
specimens examined Thirty specimens contained bilirubin, averaging 
50, the maximum being 100 , 14 contained bile salts , 12 patients were 
jaundiced and 6 had bile in the urine, 19 had urobilin in the blood and 
39 in the urine It is this group that provided the large number of 
specimens with urobilin in the blood, but in only those cases in which 
the specimen was taken early in the course was the urobilin found 
Urobilin was found to appear in the blood very early in the course of 
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the disease — in several instances preceding jaundice It also dis- 
appears very rapidly — from the blood several days to a week before 
it is absent from the urine In but four instances was urobilin found 
on two successive days The seventy of the infection was not an 
apparent factor on two successive days The severity of the infection 
was not an apparent factor in the presence of urobilinemia out of 
15 patients who showed it, ten recovered 

Examination of the stool m pneumonia cases showed an increase 
in bile output for several days, usually during the period of uro- 
bilinemia or jaundice 

Malmui — Five cases of malaria were examined and six specimens 
taken Five out of six contained bilirubin, and none contained bile 
salts The absence of bile salts is significant, but the numbers are^too 
small to justify much speculation The output of bile in the stool m 
three of this group was increased, in the other two no measurements 
were taken 

Ectopic Pi egmncy — Three cases of ectopic pregnancy were found 
and four specimens examined Bilirubin was found m all four speci- 
mens, but only in small amounts, none of the patients was jaundiced 
Bile salts were present in but one The stools showed no increase in 
bile output 

Temasis — Three cases of Dibothuocephakis taemasis were found 
and four specimens examined Bihrubinemia was present in all, but 
only one patient was jaundiced Bile salts were present in the plasma 
of two out of the three patients In all three the stools showed an 
increase in bile This group cannot be distinguished from primary 
anemia by the behavior and distribution of bile 

Plumhsm — Four cases of chronic lead poisoning were found and 
three patients had bilirubin in the plasma, but all four had bile salts in 
the plasma Bilirubin was present in small amounts and none of the 
group of patients was jaundiced The urine in all was negative, the 
stools also The presence of bile salts in this group may be of some 
importance 

Piimaiy Anemia — Thirty-four cases of primary anemia were 
examined and 42 specimens taken Thirty-two specimens of plasma 
contained bilirubin and 13 of the patients were jaundiced Bilirubin 
was not found in the urine of any The bilirubin in the blood in 10 
specimens was 50 or over Bile salts were found in 24 plasmas, and 
in 2 urines Urobilin was found in 20 urines, the stools showed 
increase in bile output m all that were satisfactorily investigated This 
group is characterized by a particular!)'- high degree of cholemia with- 
out jaundice or choluria, and by a marked retention of bile salts in 
the blood This is essentially the same as previously reported 
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Recently it has been found that m primary anemia there is a marked 
impairment of kidney function, and the possibility of the choluria m 
primary anemia being due to renal impairment must be considered 
I therefore examined the plasma of 16 nephritics to determine some- 
what the role of renal impairment in the accumulation of bile m the 
blood These plasmas are uncommonly clear and colorless Only Z 
contained bilirubin, one at 5, and one at 10 This in some cases can 
be explained by the retention of water in the plasma Seven specimens 
contained bile salts None of the patients were jaundiced and the urine 
in all was negative It is quite significant that 7 patients without 
apparent cause had increased amounts of bile salts in the blood, and it 
is very probable that the renal impairment m primary anemia is an 
important factoi in the accumulation of the salts in the blood 

Secondaiy Anemia — Seven cases of severe secondary anemia weie 
examined The plasma in six patients contained very small amounts 
of bilirubin, but none contained bile salts Four of these patients were 
thought to be jaundiced, but this is explained by the great pallor The 
urine of all was negative, the stools of all this group that were satib- 
factorily investigated showed a slight diminution of bile output Tins 
fact IS significant only when we compare this group with the primaiy 
anemias due to Dibothuocephalus 

The plasma of twenty-two perfectly normal persons was examined 
and thirty-four specimens taken Eight specimens contained bihiubin 
and four bile salts The urine in all was negative In connection with 
Dr Christie, who has examined the blood recently of many normal 
persons in his work on renal function, an opportunity was given me to 
obtain a limited number of specimens at intervals during the day, in 
relation to taking food and abstaining from food, but thus far the 
material is too limited to be of value, except that nothing ladically 
contradictory has been found 
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EXPERIMENTAL INTESTINAL OBSTRUCTION 
FRANK L SOUTH, MS, MD, and LEO L J HARDT, MS, MD 

CHICAGO 

REVIEW OF THE LITERATURE 

The following- experimental work was begun in the summer of 
1915, at the suggestion of Dr A J Carlson, as a further contribution 
toward the explanation of the cause of death in acute ileus, or high 
intestinal obstruction The theories propounded to explain the fatal 
issue in high intestinal obstruction in man, studied comparatively in 
animals, are almost as diverse as the number of workers in the field 
Chief among the theories that have been submitted since systematic 
experimentation was begun in this line may be enumerated the 
following 

1 Splanchnic paiesis, or disorder of the nervous mechanism con- 
trolling the cardiac and vasomotor systems, due to irritation of the 
nerves in the intestinal wall 

2 Bacteual infection, or outward passage of bacteria through the 
intestinal wall, invading the peritoneum and producing a peritonitis, 
or invading the blood and lymphatics and producing a septicemia 

3 Autointoxication, or the absorption of various poisons from the 
intestinal tract 

This, at present the most popular general theory, embraces a diver- 
sity of modified forms, variously seeking the intoxication (1) in the 
stagnation of food materials and secretions, (2) m a bacterial origin, 
(3) in the absorption of poisonous substances elaborated by the intes- 
tinal mucosa or produced by a perversion of the intestinal secretion 
itself, (4) in tissue or mucosal autolysis, (5) in a disturbance of 
balance between the intestinal secretions, (6) in the abnormal absorp- 
tion of poisons, as a lesult of damage to the intestinal wall 

4 Dehydintion, or the excessive loss of water from the tissues 
through drainage into the intestinal lumen, followed by \ omiting 

Braun and Boruttau^ are among the most recent champions of the 
theory of splanchnic paiesis They consider the source of the trouble 

'■ Submitted for publication Dec 6, 1917 

■^From the Hull Physiological Laboratory, University of Chicago 

* This work was completed prior to the similar work of Dragstedt, Moorhead 
and Burcky, reported from the same laboratories recently in the Journal of 
Experimental Medicine (March, 1917, 25, 421) , but extraneous duties have 
unfortunately precluded the preparation of the work for publication until the 
present time 

1 Braun and Boruttair' Deutsch Ztschr f Chir, 1908, 96, 544 
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to lie in the interference with the inherent nerve plexuses of the intes- 
tinal wall, this resulting in the stagnation of blood in the splanchnic 
region, in the enormous transudation of fluid into the intestine, followed 
by persistent vomiting, and leading finally to cerebral anemia and death 
McLean and Andries^ concur with these authorities and believe that 
the paralyzing effect on the sympathetic system is due to the marked 
overdistention caused by the gradual accumulation of gas in the lumen 
Wilkie^ also subscribes to the hypothesis of vascular depletion, and 
believes that the higher mortality of acute high obstruction is due to 
the marked degree of vomiting in these cases, low obstruction being 
less fatal because of the greater reabsorption of fluid 

Hartwell and Hoguet^ likewise recognize the role played by over- 
distention of the intestine, and particularly by the loss of water fiom 
the tissues, but do not concede sympathetic reflexes and cerebral anemia 
as the all important factors m the fatal outcome Rather, they recog- 
nize the symptoms common to these cases as those characteristic of any 
severe sickness At any rate, the theory of strict sympathetic neivous 
reflexes or intrinsic splanchnic irritation is now no longer held tenable , 
since in duodenal obstruction, in which there is often very little dilata- 
tion, the animals soon succumb, but survive low iliac obstruction (in 
wdiich there is marked overdistention), or suivive even the isolation of 
the intestine from its various ganglia 

Among the leading advocates of the theory of dn ect hactenal mfec- 
Hon or septicemia we find the names of Borszeky and Genersich,'^ wdio 
base their conclusions on the finding of B coh in the peritoneal cavity 
and blood after ligation of the colon and of the small intestine Murphy 
and Vincent,® how^ever, dismiss the theory as untenable, in that no peri- 
tonitis can be demonstrated in many cases of mtestinal obstruction 
Hartwell, Hoguet and Beekman,^ while conceding the presence of 
B coh in the blood from intestinal disturbances much less severe than 
obstruction, and the incidence of peritonitis even in intestinal obstruc- 
tion without perforation, yet regard the invasion of the peritoneum 
most often as simply a terminal event, especially so in strangulation 
Thus, cultures made immediately after death in high obstruction failed 
to show the slightest bacterial invasion of the peritoneum, blood, liver 
or spleen 

How’’ell,'^ however, presents the most unique defense for the theory' 
of direct bacterial invasion He assumes that the complex in high 

2 McLean and Andnes Jour Am Med Assn , 1912, 59, 1614 

3 Wilkie, D P D Brit Med Jour, 1913, 2, 1064 

4 Hartwell, Hoguet and Beekraan The Archives Int Med , 1914, 13, 701 

5 Borszeky and Genersich Beitr z klin Chir , 1902, 36, 448-527 

6 Murphy and Vincent Boston Med and Surg Jour, 1911, 165, 685 

7 Howell, J Brit Med Jour, 1913, 2, 1645 
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intestinal obstruction is initiated by the increased permeability of the 
intestinal wall to bacteria, and that consequently the site of production 
of the poison and its absorption is the peritoneal cavity The bacteria, 
he contends, cannot be put in evidence outside the intestinal lumen, 
because it is one of the functions of the peritoneum to destroy bacteria 
In suppoit of his theory, Howell cites the ease with which the migration 
of B coh from the colon and cecum may normally occur across the body 
cavity, with resultant infection of the bladder, of quiescent ovarian cysts 
and pyosalpinx — ^but without producing peritonitis 

Among the various sources of autointoxication sought in explana- 
tion of the symptoms of ileus, the absorption from the intestines of 
the products of stagnated foodstufts and intestinal secretions early 
attracted the attention of the physiologist Bouchard was the first to 
emphasize this point of view, contending that the stagnation of intes- 
tinal contents resulted in the production of poisons which have a special 
affinity for the nervous system 

Likewise von Albeck® found that the products of putrefaction in 
strangulated loops were highly toxic on injection, leproducmg the 
typical symptoms of obstruction He classified them with the group 
of putrefactive poisons 

In this connection. Draper® at the outset of his work emphasized 
the retention of the biliary secretions as a factor in the production of 
toxemia in duodenal obstruction But later experiments have led him 
to abandon this theory 

Later investigations, however, have shown the role played by food 
stagnation to be negligible, inasmuch as neither preliminary starving 
of the animal, nor thorough irrigation of the isolated loop results in any 
marked prolongation of life 

Among the most noted earlier investigators to seek the autointoxica- 
tion in a bactenal source are Clairmont and Ranzi,^® who produced low, 
simple obstruction in dogs and cats They found that the injection of 
the filtered contents, as well as the injections of cultures grown from 
the intestinal contents, always produced the typical symptoms of ileus 

Later McClure^^ and Macallum repeated the work by means of 
simple ligation or by isolation of loops at various levels, carefully elimi- 
nating stagnant food and intestinal secretions as possible factors The 
loops became greatly distended and incubated enormous numbers of 
bacteria, death usually supervening in a few days, often independently 
of perforation and peritonitis Injection of the filtered contents of the 

8 Von Albeck Arch f klin Qnr , 1901, 65 569 

9 Draper-Maury, J W Am Jour Med Sc, 1909, 137, 725, Ibid, Jour 
Am Med Assn , 1910, 54, 5 

10 Clairmont and Ranzi Arch f klin Chir , 1904, 73, 696 

11 McClure, R D Jour Am Med Assn, 1907, 49, 1003 
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loop into the peritoneal cavity of normal dogs reproduced the typical 
symptoms of ileus but did not cause death These experimenters 
ascribed the symptoms to the absorption of bacterial poisons, the loops 
being impermeable to the bacteria 

Murphy and Brooks^" are the most recent and well known advo- 
cates of the theory that death after intestinal obstruction is the resuh 
of a bacterial toxemia, independent of peritonitis or septicemia They 
are chie% distinguished for the additional modification that the factors 
which make absorption possible are more important than the factors 
which produce the toxin The toxic substance, therefore, is assumed 
to pass only through abnormal mucous membrane The chief factor 
permitting this abnormal absoiption consists of an interference with the 
circulation of -the obstructed intestine Thus, believe they, it is the 
marked secretory activity of the duodenum and jejunum, with the 
resultant rapid distention and circulatory disturbance, which results in 
earlier and severer symptoms than similar obstruction in the ileum 
The symptoms and pathologic lesions following administration of such 
loop contents are found to be identical with those following injection 
of certain ptomain poisons 

The chief arguments advanced against the bacterial theory of intoxi- 
cation are based on the fact that the onset of the symptoms in high 
intestinal obstruction is too rapid for a bacterial toxemia, and that 
high obstruction is more severe and fatal than low, although a much 
scantier bacterial flora is found in the high intestine 

Chief among the opponents of the theory of bacterial intoxication 
are Whipple, Stone and Bernheim,^^ who contend that the production 
of the toxin is due to a pei version m the activity of the seci eting mucosa 
of the duodenal or high intestinal loops, this taking place even m the 
absence of demonstrable changes in the mucosa 

Roger^^ had already referred the source of the toxin to the activity 
of the intestine itself, and demonstrated the presence of a proteose in 
the occluded loops , but claimed that the products of the normal, unob- 
structed intestine were more toxic on injection than of the obstructed 
Davis^® similarly has found that products of washed out, appaiently 
normal draining loops produce the symptoms of ileus on injection 
This leads him to ascribe an excretory function to the intestinal mucosa 
as the source of the toxic substance 

Whipple,^® however, finds that preparations of the normal intestinal 
mucosa are without marked toxic eifects on injection He holds that 

12 Murphy and Brooks The Archives Int Med , 1915, 15, 392 

13 Whipple, Stone and Bernheim Jour Exper Med , 1913, 17 , 286 

14 Roger and Gamier Presse med , 1906, 14 , 325 

15 Davis, D M Bull Johns Hopkins Hosp , 1914, 25, 33 

16 Stone, Bernheim and Whipple Ann Surg, 1914, 59, 714 
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the chief source of the elaboration and absorption of the poison is m 
the mucosa, and not the lumen, citing in chief support the fact that 
even dogs with draining loops may die, or if surviving, develop an 
immunity to the toxin, and that loop products on injection are fatal 
when the mucosa has remained intact, but are innocuous when the 
mucosa has been destroyed by sodium fluorid 

Gurd,’-^ while endorsing Whipple’s position as to the active role of 
the duodenal mucosa, contends that the substance responsible for the 
toxic symptoms is a result of tissue autolysis His experiments indicate 
that even autolyzed normal mucosa is just as toxic as preparations of 
loop mucosa, thus controverting Whipple’s results 

More recent investigations into the nature of the toxic substance 
would seem strongly to support Whipple’s point of view Thus the 
observations of Peterson, Jobling and Eggstein^® on the serum changes 
that develop during acute experimental pancreatitis indicated that tlie 
shock and death are due to an intoxication from absorbed protein split 
products Whipple, Rodenbaugh and Kilgore,^® by similar observations, 
have put m evidence the same increase in noncoagulable blood nitrogen 
in acute intestinal obstruction, and point out that the injection of pure 
proteose will reproduce the same blood changes as intestinal obstruc- 
tion Whipple^® claims that bacterial activity is not necessary for the 
formation of this toxic proteose, which is precipitable from loop prepa- 
rations by the addition of five volumes of 95 per cent alcohol 

Chief among the defenders of a purely physiologic cause of the 
intoxication, as opposed to a pathologic or bacterial, is Draper,® who 
believes, as VidaP^ had formerly contended, that the symptoms are 
referable to a disfiubance in the balance between the secietions of the 
duodenum and jejunum He found that obstructions within a limit of 
35 cm from the pylorus were always incompatible with life, and refeis 
death to the retention of some toxic secretion, probably panel eatic, 
which normally would be detoxified lower down by protective jejunal 
or ileal antiferments 

Matthews^^ by a somewhat similar series of experiments, in which 
he eliminates all pancreatic and gastric secretions as well as biliary, was 
led to arrive at a parallel conclusion, as to the necessity of a mutual 
interaction between the secretions of the duodenum and jejunum His 
experiments seemed to indicate that the retention even of a small patch 

17 Gurd, F B Jour Infect Dis , 1914, 15 , 124 

18 Peterson, Jobling and Eggstein Jour Exper Med , 1916, 23 , 491 
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of the duodenum, transplanted into the jejunum, was sufficient to pro- 
long life in cases of obstruction 

Draper,^^ moreover, applied his hypothesis to feeding experiments, 
and seemed to get a prolongation of life in his dogs by feeding supposed 
neutralizing preparations of jejunal and ileac cells from normal animals 
More recent experiments,^^ however, have failed to put in evidence 
any appreciable prolongation of life He points out, however, the 
significant relation between the digestive power of the different parts 
of the alimentary tract and the toxicity or acuteness of symptoms 
following obstruction, symptoms thus being less marked in the regions 
of the esophagus and colon 

Recently Sweet, Peet and Hendnx^'^ have reaffirmed Draper’s point 
of view, pointing out in support the close analogy between pancreatitis 
and high duodenal obstruction They concur with Whipple in con- 
ceding the presence of a toxic proteose, but claim, however, that this 
can arise only in the duodenum from pancreatic or gastric digestion, 
and never in the jejunum, which secretes only erepsin 

Hartwell and Hoguet'° take issue with the foregoing authorities 
and oppose the views that the absorption of a toxin can occur in 
nncoinphcated intestinal obstruction, claiming that the symptoms are 
always due to the presence of lesions which favor the abnormal absorp- 
tion of toxins normally present, or that have resulted from stagnation 
They believe these lesions are produced by the irritating effect of 
retained secretions or by disturbance in the circulation such as follows 
local strangulation (on inversion of the cut ends of loops), or follows 
overdistention from retained secretions 

They object further to Whipple’s interpretation of the symptoms 
on the ground that the symptoms following the injection of loop con- 
tents are different from those following their assumed absorption, 
that, moreover, substances which on injection are toxic may actually 
be harmless on absorption , and that the permeability of the intestinal 
mucosa in uncomplicated obstruction is actually diminished, as deter- 
mined by the absorption rates for strychnin and potassium lodid 

These authors^ propose, therefore, as an alternative hypothesis, 
that death in mi complicated intestinal obstruction is always due to 
dehydiation of the tissues, as a result of the transudation of fluids 
into the intestinal lumen, followed by vomiting In confirmation, they 
point out that life in such cases may be indefinitely prolonged by restor- 
ing the fluids through the subcutaneous injection of normal salt solution 

23 Draper, J W Jour Am Med Assn , 1914, 63, 1079 
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McLean and Andries,^ as previously indicated, also believe the 
symptoms to be directly referable to depletion of the lymph and vascu- 
lar systems, but believe death to be consequent, secondarily, on distur- 
bance of the cerebral circulation 

Whipple,^=* however, disposes of Haitwell’s objection, in the asser- 
tion that absorption of the toxin may occur in uncomplicated obstruc- 
tion with a normal, intact mucosa He explains the loss of fluid as a 
symptom common to any intoxication, and believes hypodermoclysis 
effective in prolonging life simply because it promotes diuresis Moie- 
over. Bunting and Jones,^" who concur with Whipple’s point of vieiv, 
have found from experiments on rabbits that loss of fluid by vomiting 
is only a terminal event, and that, furtheimore, the secretion of fluid 
into the duodenal loop is quite negligible Finally, it has been found 
that the decrease in water content of the tissues is not alarmingly exces- 
sive in these cases, amounting to only one tenth of the body weight, 
or the equivalent of that produced simply by seven days of fasting, or 
four days of salivation through pilocarpm 

Finally, of great, perhaps decisive, importance m this connection, 
is the work of Dragstedt, Moorhead and Burchy,^® recently leported 
The distinctive merit of these workers lies in their success in secuiing 
complete sterilization of the isolated loops by washing with ether The 
closure of such loops was found compatible with life for indefinite 
periods, even when involving gieat distention and maiked necrosis, and 
when completed by ligation of all the blood vessels to the loop Their 
findings would seem to indicate two distinct but complementary factors 
in the toxemia first, the presence of bacteria, of whatever nature, 
second, the presence of necrotic tissue, as a substrate for the elabo- 
ration of the fatal toxins through the action of these bacteria 

Defimtion — Ileus is defined, clinically, as a complex of symptoms 
consisting in pain, tympanites, vomiting, and inability to get a bowel 
movement In experimental ileus, however, owing to the experi- 
menter’s control of conditions, any or all of these symptoms may be 
practically absent Indeed, it would seem that even obstruction may 
be absent, as in the experiments of AVhipple,^® where well drained, 
isolated segments of the intestine were incompatible with life All 
forms of ileus, however, are characterized by an acute toxemia So 
that ileus might be defined comprehensively, therefore, as a disturbance 
in the functional or anatomic integrity of the intestinal tract, associated 
with a profound intoxication 

W 01 king Theoiy — Now this intoxication, of whatever origin, 
whether due to increased permeability and so increased absorption, to 

27 Bunting and Jones Jour Exper Med , 1913, 17 , 192 
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dehydration, to tissue autolysis, or to perversion of secretion, is suffi- 
ciently explained initially on the basis of the infection theory, it would 
seem, if it can be shown only that the presence of bacteria is necessary 
to initiate the sequence of changes that lead to the final absorption of 
a poison, or to both its production and absorption The pi esent experi- 
menters have tentatively accepted this point of view as a working 
theory, believing that the solution of the problem resolves itself into a 
task of eliminating all bacteria as a possible factor in the change 
Methods — Obstruction was uniformly and consistently produced 
by completely isolating about 20 cm of the first part of the jejunum, 
the continuity of the intestinal tiact then being restoied by direct end- 
to-end union or by lateral anastomosis This permits free feeding of 
the animal, and so reduces to a minimum starvation and loss of fluid 
as essential factors m the production of symptoms It also permits the 
noimal free drainage of the biliary and pancreatic secretions, preclud- 
ing the formation of a blind pouch m the duodenum, which Sweet^® 
claims IS of itself sufficient to produce symptoms of obstiuction 

As a part of the loutme, a pielimmary period of staivation was 
gnen the animal, the stomach and bowels being completely evacuated 
finally by means of apomorphm To further minimize the bacterial 
flora, thorough washing of the loop with sterile normal saline was 
usually done after section The loops were then completely obstructed 
by inverting and suturing over the ends, or only paitially by closing 
one end and permitting free drainage from the other 

Symptoms — The development of symptoms in our dogs paralleled 
closely those observed by other writeis During the first day and a 
half, after the immediate postoperative effects have worn off, the 
animal is fairly alert and lively, drinks water eagerly and even par- 
takes of a little milk A consideiable amount of vomiting is evident 
from the outset, however, especially after drinking, the vomitus being 
bile tinged Toward the end of the second day the animal becomes 
pinched and sick in appearance, dull and apathetic, refusing food, and 
manifesting a disposition to he quiet or sit in an immobile position 
If there is a tendency to movement, the animal’s gait is stiff and uncer- 
tain, due to marked lack of flexibility of the muscles A conspicuous 
shivering or tremor of the muscles then supervenes, and the animal 
almost invariably passes away at the end of seventy-two hours, with 
all the symptoms of profound shock 

Contrary to the observations of a few workers, most of our dogs 
gave no evidence of marked colic or pain, nor presented any marked 
abdominal distention, the abdomen, indeed, being generally scaphoid m 
contour Nor were tonic or clonic spasms in ewdence as a terminal 
event 
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An objection of Hartwell’s^ is pertinent in this connection, namely, 
that the symptoms arising from the injection of loop contents are not 
necessarily the same as those arising from its assumed absorption in 
the loop Thus, Kukula, Clairmont and Ranzi, and von Albeck have 
found in general that injections of filtered loop contents produce 
symptoms of violent vomiting and diarrhea, quickening of the respira- 
tion, and tonic and clonic spasms Though we have not done extensive 
expel imenting along this line, these symptoms seemed to simulate more 
closely those of anaphylactic shock than of septic absorption Thus, 
in one instance, intravenous injection of 6 c c of the centrifuged super- 
natant fluid produced violent vomiting of almost pure bile, purging and 
tenesmus, general restlessness and tendency to scratch the nose, violent 
tonic and clonic spasms, and finally complete collapse and death — all 
wuthin fifteen minutes after injection Though the pathologic findings 
are somewhat similar, namely, a marked hemorrhagic enteritis of 
duodenum and jejunum, yet the symptoms certainly do not closely 
resemble those due to complete obstruction 

Pathology — Necropsy invariably revealed evidence of marked 
splanchnic congestion, especially m the duodenum and jejunum, asso- 
ciated with the presence usually of a mucopasty brown material in the 
lumen The stomach was usually congested to a less marked degree, 
and contained frequently a light bile or blood-tinged fluid The spleen 
and liver were swollen and congested and the kidneys at least gave 
evidence of cloudy swelling The loop itself was usually greatly dis- 
tended, markedly reddened and the walls swollen The mucosa of the 
loop was usuallv much necrosed and invariably ulcerated, usually in 
the most dependent part, opposite the mesentery The contents, which 
often had partially escaped through the ulcer into the peritoneal cavity, 
consisted of a characteristic thick, blood tinged brown fluid This on 
microscopic examination revealed enormous numbers of bacteria The 
peritoneum was usually mildly or acutely inflamed, the body cavity 
sometimes containing a thin, reddish, inflammatory transudate or the 
escaped contents of the loop 

The Role of Pentomtis — The typical picture of ileus is, therefore, 
usually somewhat complicated by a terminal peritonitis, death being 
precipitated perhaps by the sudden outpouring of virulent toxins from 
the ruptured loop Indeed, some investigators, such as Wilkie,® have 
never found death uncomplicated by perforative peritonitis, and Sweet®® 
believes that overdistention and rupture are always the actual causes 
of death Experiment 2 represents a typical case 

Experiment 2— Operated on July 5, 1915, Sam Weight, 6 kg Sex, female 
(black and white) 

Operation — Isolated about 20 cm of intestine just below duodenum, ends 
inverted and sutured over, lateral anastomosis made between duodenum and 
jejunum, loop not washed 
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July 6, 1915 Dog IS active, walking around, drinks water, vomits yellow- 
ish fluid, had slight tremors in the morning 

July 7, 1915 Dog looks sick, averse to drinking, vomits bile-stained fluid. 
Dog in profound shock, but still alive at 9 30 p m 

July 8, 1915 Found dead in morning, brownish fluid oozing from dog’s 
mouth 

Necropsy — ^Weight, 5 225 kg Suture line of anastomosis in good condition, 
lungs edematous, liver enlarged and congested, kidneys, cloudy swelling, 
spleen congested, stomach hyperemic, duodenum markedly congested, jejunum 
congested, but to lesser degree, isolated loop dilated, thickened, and greatly 
reddened , ulcers, with perforation in several places , peritoneal cavity contains 
a large quantity of brownish fluid having a foul odor The peritoneum is 
acutely congested 

Here, however, it will be seen that, though the animal died from a 
terminal peritonitis, the onset of the symptoms was too rapid to 
explain initially on the basis of peritonitis 

To eliminate peritonitis as a complicating factor and so to secure an 
unadultered picture of ileus, we conceived the plan of placing the closed 
loop extraperitoneally immediately beneath the skin, leaving an opening 
m the peritoneum and fascia just large enough to admit the mesentery 
without strangulation of the vessels Experiment 15 is typical of the 
results, and shows that toxemia develops even with a peritoneum thus 
protected, and that the symptoms are relieved rather than aggravated 
when the loop perforates and free drainage obtains, even into the sub- 
cutaneous tissues These loops, though markedly distended and con- 
gested, assume their initial condition, exhibiting active peristalsis and 
secreting a clear fluid 

Experiment 15 —Aug 6, 1915, Sam Weight, 4 760 kg Sex, female , black 
and tan, starved eighteen hours 

Operation — ^Twelve cm jejunum resected and ends closed (without previous 
washing) , continuity of intestinal canal restored by an end-to-end anastomosis 
and loop placed extraperitoneally under skin, without drainage 

Aug 7, 1915 Dog fairly active and takes food, marked distention of loop 
under skin 

Aug 8, 1915 Dog looks sick and dull , refuses , still a marked distention of 
loop under skin 

Aug 9, 1915 Dog active, eating meat, loop collapsed under skin, contents 
evidently having been absorbed, as there is no exudation through suture 

Aug 10, 1915 Active , eating meat greedily , loop still collapsed, and no ill 
effects apparent 

Aug 11, 1915 Active, eating meat, loop collapsed, but a serosanguineous 
fluid now apparent oozing from the suture An opening was made for drainage 
and a part of intestinal loop exposed , the loop appears normal in color 

Aug 14, 1915 Loop has been draining a clear serous fluid, dog discarded 
as he exhibited no further symptoms of interest 

In a similar manner, aspiration of the contents of a closed loop 
leads to a subsidence of the symptoms after their onset This is accom- 
plished by suturing the loop to the abdominal wall, leaving an opening 
in the abdomen just large enough to make the loop accessible for aspi- 
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ration Thus, while aspiration in the following expeiiment (11) did 
not prevent death, which was due to other complications, yet it pre- 
vented the development of acute symptom and prolonged life far 
beyond the average period 

Experiment 11— July 27, 1915, 10 30 a m Weight, 3 520 kg Sex, female, 
pup , black and white , starved forty-eight hours 

Operation — Twenty cm jejunum isolated, washed with sterile, normal saline 
and ends inverted, end-to-end anastomosis made and loop sutured into opening 
in abdominal Avail for purpose of aspiration 

July 28, 1915 Comparatively active, drinks water eagerly, Avound of good 
appearance, small quantity of green vomitus in cage 

July 29, 1915 Not very active, dull, refuses milk, 4pm about 50 c c of 
serosanguineous fluid containing a caseous broAvn sediment aspirated from loop 
Injection experiment 3 c c of centrifuged supernatant fluid injected intra- 
venously into both a collie and a bulldog, each weighing approximately 8 kg , 
no pronounced toxic effects, excepting defecation and vomiting, developing a 
feAv minutes after injection Dog soon recovered 

July 30, 1915, 10 a m About 75 cc of fluid again aspirated from loop, 
this time being clear, serous in character Symptoms are no Avorse, but dog 
still refuses food , a trace of distemper, the eyes and nostrils containing pus 
July 31, 1915 Dog found dead Postmortem revealed that suture line of 
anastomosis had perforated, causing fatal peritonitis, loop, hoAvever, not per- 
forated and of normal appearance, but contains a large amount of pasty broAvn 
substance 

Weight, 2 860 kg 

This IS confirmed, further, by the development of toxemia when 
freely draining loops are closed, as m Experiment 43 folloAVing, in 
which the symptoms began to subside as drainage Avas reestablished 
by partial leakage around the tube, and ceased altogethei when the 
clamped tube Avas pulled out An analogous case is seen in Experiment 
61, in which the draining loop accidentally became closed and caused 
death, necropsy revealing a normal peritoneum 

Obstruction by postoperative intussusception occurred in a feiv of 
our dogs, by a curious coincidence in the neighborhood of the resec- 
tion, this resulting perhaps from operatiA'^e trauma While the necropsy 
m these cases revealed the usual findings of ileus, the peritoneum pre- 
sented a normal appearance, as in Experiment 20 

Experiment 20 — ^Aug 16, 1915, 1pm Weight, 5560 kg Sex, female, 
bnndle bull , starved forty-eight hours 

Operation — Tiventy cm of jejunum isolated, Avashed Avith normal salt solu- 
tion, end-to-end anastomosis made and isolated loop left AVith both ends open 
to drain into the peritoneal cavity 
August 17 Dog IS active 
August 18 Very active, takes milk 
August 19 Fairly good condition, but less active 

August 20 Sam, very dull and inactive , refuses to eat , 5 p m , found 
dead 

Nccfopsy — Liver greatly congested, stomach hyperemic, peritoneum, nor- 
mal, anastomosis union good but suture line hvperemic, loop collapsed and 
Avith a normal healthy appearance , one end adherent to intestines , other end 
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closed by omentum, a thick yellow fatlike substance exuding when end was 
squeezed Jejunum at distance of about 12 inches from anastomosis almost 
18 inches of proximal part of jejunum had telescoped into part below, section 
intussuscepted greatly congested 

This would seem to confirm the observations of a majoiity of the 
experimenters that all the symptoms and pathologic findings of ileus 
may be present in the absence of peritonitis 

The Role of Washwg in Loops — As previously intimated, efforts 
were especially directed toward eliminating as far as possible the bac- 
terial content of the loops, usually by washing with steiile normal 
saline Usually cultures in beef bioth made from sections of the 
mucosa before washing showed only a moderate growth, while those 
made afterward were usually negative But all attempts to arrest the 
process were futile, since in the v ashed as well as in the unwashed loop 
the symptoms always pursued the same course, ending usually in per- 
forative peritonitis and death of the animal 

Although this attempt at steiilization was incapable of completely 
ai resting the process, at least it served to delay the development of 
symptoms and onset of death Thus the average length of life as found 
for dogs with unwashed loops was 48 hours, and for washed, 72 hours 
This finding parallels qualitatively that of Whipple,^® who found in 
double duodenal ligation a value of 48 hours for washed loops and 
from 24 to 28 hours for unu ashed loops 

The Role of Dehydiatton — The loss in weight of our dog in three 
days averaged about 13 per cent of the total body weight Starvation 
could not be an important factor in the i eduction, since the animals 
could retain food a part of this period Furthermore, HartwelP® has 
found that a dog fasting two weeks loses only 29 per cent of its body 
weight, receiving meanwhile saline injections As vomiting in our dogs 
was negligible, and transudation or secretion into the loop inconsider- 
able, the loss seemed to be due to inability to maintain a balance between 
liquid intake and output The average loss observed by most investi- 
gators during this period is about 10 per cent , being negligible in 
amount, or that resulting alone from seven days of fasting (Draper-^) 


TABLE 1— WEIGHT LOSS DURING OBSTRUCTION EXPERIMENTS 



Weight Before, 

Weight After, 

Life Period, 

Loss, 

Dog 

Kg 

Kg 

Days 

Per Cent 

2 

3 520 

2 860 

4 

18 7 

3 

7 520 

6 440 

3 

14 8 

4 

7 840 

6 400 

41/2 

18 0 

S 

7 060 

6 440 

11/2 

9 0 

6 

3 440 

3 200 

2 

7 0 

7 

7 780 

6 700 

21/3 

14 0 

10 

4 260 

4 160 

2 

2 4 

11 

3 520 

2 860 

4 

19 0 

Average 



3 

13 0 


The Role of Ovo distention — Some investigators, notably HartwelF 
and Sweet, emphasize the role played by overdistention and conse- 
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quent strangulation as a cause of death, lesulting directly from 'sec- 
ondary perforation and peritonitis Others such as Whipple^'* and 
Draper® have found the loop to behave in various ways, death resulting 
even when the loops were almost completely collapsed We have 
observed a similar diveisity of behavior m our dogs Thus, while 
typically the loop becomes tremendously overdistended and gangrenous 
in appearance, culminating finally m perforation and peritonitis, yet 
a few were found collapsed, possessing an apparently normal mucous 
membrane and containing only a characteristic pasty brown substance, 
as in Experiment 61 

Furthermore, Experiment 43 shows that even tremendous over- 
distention is not necessarily incompatible with life, this dog living 
several days and only dying from other causes 

Experiment 61 — ^Aug 7, 1916, 2 p m Sex, female , mongrel, medium brown , 
starved twenty-four hours 

Operation — ^Isolated 20 cm jejunum, restored continuity by lateral anasto- 
mosis, closed one end of loop A small rubber tube was pursestringed into 
the other end, and with tube, sutured into abdominal wall for drainage 

August 8 Dog fairly active , drinks water 

August 9 Dog inactive, listless, and drowsy, refuses food 

August 10 Found dead m morning 

Necropsy — Peritoneum normal appearance, lateral anastomosis, no leak, no 
inflammatory findings, liver greatly congested, duodenum and jejunum mark- 
edly hyperemic, presenting the t 3 'pical findings of ileus , isolated jejunal loop 
not distended, mucosa slightly congested, but otherwise normal, free from 
ulceration, lumen partly filled with a characteristic semipasty brown substance 

The Role of External Diainage — Failing to secure perfect sterili- 
zation of the loop by washing with normal saline, we adopted the 
method (also employed by various workers m the field) of drainage 
to the exterior, m the hope that the loop would finally become sterile, 
and so permit closure without the development of toxic symptoms 
Whipple®® has found that even such dogs draining externally usually 
die from ileus in from three to six days, and attributes death to the 
absorption of a toxin or perverted secretion from the mucosa of the 
loop Our dogs, however, continued to dram indefinitely without the 
development of toxic symptoms, death always being accounted for 
from other causes than ileus (as m Table 2) 

The results shown iji Table 2 followed despite the fact that the 
skin usually retracted and closed over the loop after a week or ten 
days, absorption taking place then not only from the mucosa, but also 
from the lumen through the subcutaneous tissues Sweet,®® however, 
has given a plausible explanation of Whipple’s results, in that by his 
method of double ligation a blind pouch is formed m the duodenum. 


29 Whipple, Stone and Bernheim Jour Exper Med , 1914, 19, 144 
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from which toxins are absoibed, and excreted secondarily, perhaps, 
into the draining loop 

TABLE 2— RESULTS OF EXPERIMENTS WITH EXTERNAL DRAINAGE 


Dog 

Length of Life, Days 

Cause of Death , 

8 

136 

Killed for necropsy 

9 

4 

Postoperative intussusception of jejunum 

10 

15 

Unknown 

12 

30 

Infection and gangrene of laparotomy wound 

IS 

8 

Discarded after this period 

2S 

120 

Killed for necropsy 

26 

30 

Pneumonia 

32 

30 

Pneumonia 

33 

105 

Killed for necropsy 

35 

60 

Killed for necropsy 

38 

13 

Ileus, due to intussusception of isolated loop 

61 

3 

Ileus due to accidental closure of draining loop 


Our draining loops had appaiently closed, but laparotomy always 
showed them in a collapsed state, and careful testing with sterile saline 
geneially revealed a minute opening through which diainage could be 
effected (as in Experiment 25) 

Experiment 25 — Aug 24, 1915 Sex, female, brown bull pup 

Operation — ^Twenty cm jejunum isolated, one end inverted and closed, and 
open end anchored into opening in abdominal wall for external drainage, the 
mucosa being everted, end-to-end anastomosis to restore continuity of jejunum 

August 25 Dog quite active , drinks freely of milk 

August 26-31 Continues active, eats meat, loop draining well, exuding a 
clear serous fluid 

September 22 Dog quite active, loop has retracted from surface and skin 
closed over opening, the loop ceasing to drain to the exterior 

October 23 Dog continues quite normal , exploratory laparotomy per- 
formed, inner end of loop found still closed and adherent along suture line of 
the end-to-end anastomosis, draining end found adheient to parietal wall at 
site of fistula and apparently closed Lumen of loop then inoculated with nor- 
mal saline emulsion of scraping from jejunum of another dog, laparotomy 
wound then closed 

October 25 Dog active, external site of fistula has opened up as a result 
of infectious process following inoculation, now oozing a thick, yellowish 
material 

October 26 Active, eating heartily, fistula draining well 

November 2 Dog active, fistula gradually healing over, secretion now 
serous in character 

December 12 External fistula again entirely closed over 

December 28 Dog posted, loop found as before, collapsed and of normal 
appearance Water injected into lumen and squeezed out through opening in 
laparotomy scar , so not completely closed 

The Role of Intiapeutoneal Drainage — In the further attempt to 
sterilize the isolated loop, we adopted a novel method (a method which 
so far had not been used by other workers, and which even we 
employed with a few misgivings), namely, diiect diamage into the pet i- 
foneal cavity The loops were isolated as usual, washed with sterile 
saline and then returned to the abdominal cavity for direct drainage 
This was done in the hope that the few remaining bacteria in the 
mucosa might finally be overcome by the peritoneal fluids , and further- 
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more, that the piocess of self-inoculation so obtammg might lead to 
an immunity against intoxication on subsequent closure, or at least 
mitigate the effects of a perforative peritonitis 

To our surpiise the dogs continued active and healthy, even as in 
the cases of external drainage, very few of the dogs developing peri- 
tonitis so long as the loop remained open Exploratory laparotomy 
always showed the loop to he collapsed, in active peristalsis, and of 
normal appearance The ends were always invested by folds of the 
omentum, through which absorption took place 


TABLE 3— RESULTS OF EXPERIMENTS WITH DRAINAGE INTO 
PERITONEAL CAVlTY 


Dog 

Length of 1 

17 

3 

18 

13 

19 

10 

27 

3 

28 

4 

29 

2 

30 

21 

31 

4 

34 

IS 

36 

IS 

39 

4 

41 

6 

42 

3 


Cause of Death 

Pentomtis due to direct mfeetion from loop 
Killed for examination 

Peritonitis due to perforation by bone at site of anastomosis 
Peritonitis as result of direct infection from loop 
Stran^lation and gangrene of jejunum, due to excessne operative 
manipulation 

Perforative peritonitis, following laparotomy and closure of loop 
after thirteen days’ drainage 
Pneumonia 

Perforative peritonitis, following laparotomy and closure of loop 
after fourteen days’ drainage 
Distemper 
Distemper 

Peritonitis, due to direct infection from loop 
Peritonitis, due to leak at line of anastomosis of jejunum 
Unknown 


Results on closure, howev'er, were quite disappointing, the animal 
running the usual course and suddenly succumbing, after two or three 
days, to perforative peritonitis (Experiments 29 and 31) Apparently 
the loop had not drained long enough to become completely sterile 
If the self-inoculation had resulted in any degree of immunity, it was 
certainly rendered inoperative by the sudden flooding of the peritoneal 
cavity with infectious material, although the development of the symp- 
toms of ileus seems to be delayed, as in Experiment 31 

Experiment 31 — Sept 1, 1915 Weight, 8 54 kg Sex, male, black and 
white, starved twenty-four hours 

Opeiahon — Twenty cm jejunum isolated, washed with sterile normal saline, 
and dropped back to drain into peritoneal cavity, end-to-end anastomosis 

September 2 Somewhat inactive, vomits water given 

September 3 Dog continues quite active, eats meat greedily 

October 16 Exploratory laparotomy done, loop collapsed and of normal 
appearance, undergoes active peristalsis, draining end invested by omentum, 
lumen patent and free from pus and detritus, both ends inverted and loop 
closed 

October 17 Dog fairly active 

October 18 Quite active, playing boisterously when let out of cage, drinks 
milk greedily 

October 19 Not nearly so active, refuses milk, averse to jumping up on 
hind legs as though involved abdominal pain, found quite droopy m the 
evenmg 

October 20 Dog found dead 

Necropsy — ^Acute perforative peritonitis, peritoneum being inflamed and 
cavity filled with blood-tinged brown fluid, large perforation in middle of loop, 
in most dependent position , stained smears show enormous numbers of bacteria 
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The Filial Evidence fiom Spontaneously Closing Loops — Since 
subsequent lapaiotomy and closure of draining loops involved more or 
less risk of infecting the mucosa, even if draining sterile, we improvised 
drainage permitting spontaneous closure in case the lop became sterile 
Tubes were inserted, as in drainage of the gallbladder, pursestringed, 
and the ends invaginated, the tube being withdrawn in a few days 
In this way we finally secured the much sought result — a closed, isolated 
loop that zuas compatible with the life of the animal (Experiment 43) 

Experiment 43 — Nov 20, 1915, Sam Weight, 6120 kg Sex, female, 
black and tan beagle 

Opeiatxon — ^Twenty cm jejunum resected, one end inverted and closed, a 
rubber tube pursestringed and invaginated in the other end, and loop with tube 
anchored into abdominal wall for drainage to outside 

November 20, p m Animal quickly recovered from operation and now 
fairly active, but tube is oozing a little blood 

November 23 Dog quite active and tube still intact, now draining the 
characteristic thin clear fluid Tube clamped off to retain secretion and ban- 
daged to retain in place 

November 24 Dog looks toxic, being much less active and tending to 
remain in an immobile posture on haunches 

November 25 Dog still toxic, but more active than yesterday 

November 26 Dog again well and active , tube with clamp found completely 
pulled out , fluid now draining directly from invaginated end of loop 

December 8 Dog found dead, having been killed last night m fight with 
another dog 

Ncaopsy — Drainage outlet in skin healed over, draining end of loop closed, 
loop found enormously distended, being five or six times normal size, walls of 
normal appearance but somewhat thinned out, lumen contains a clear serous 
fluid resembling normal succus entencus Loop with contents placed in alcohol 

As evidenced by its pugnacious disposition, this animal continued 
quite healthy, with a loop distended five or six times the normal size 
This was quite noimal and its contents were inadvertently placed in 
alcohol, we were unfortunately prevented from examining it for the 
presence of bacteria It is hard to conceive of the loop closing in the 
presence of infection But whether bacteria were present or not, this 
solitary case at least justifies the thesis that an animal may continue 
well and active with closed and ovei distended isolated loops 

(A senes of twenty dogs of this kind was run in the summer of 1916, but 
all the animals succumbed to heat and distemper Other experiments are 
pending ) 

SUMMARY 

Our findings may be summarized briefly as follows 

1 A majority of the dogs with isolated loops succumb to perfora- 
tive peritonitis 

2 But the development of toxic symptoms and death may occur 
independently of peritonitis 
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3 Symptoms on injection of loop contents are different from those 
due to absorption 

4 Washing of the loop delays the development of symptoms and 
onset of death 

5 Loss of body weight is not great enough to be an important 
factor in the process 

6 Overdistention and strangulation aie not necessaiy factors in 
the development of symptoms 

7 Animals may live indefinitely with loops draining externally 

8 Animals may live indefinitely with loops draining directly into 
the peritoneal cavity 

9 Dogs may continue well and active with enormously distended 
loops that have closed spontaneously 

We wish to express our thanks to Prof A J Carlson for suggestions and 
criticism, cheerfully given, and to Dr James J Moorehead, whose surgical skill 
greatly facilitated the execution of the work 
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A NOTE REGARDING MYIASIS, ESPECIALLY THAT 
DUE TO SYRPHID LARVAE “ 

MAURICE C HALL, PhD 
Parasitologist, Research Laboratory, Parke, Davis & Co 

' DETROIT 

Bruce^ (1917) has recently published a paper reporting from Van- 
couver Island a very inteiesting case of vaginal myiasis m the cow due 
to the “rat-tailed larva” of the drone fly, Enstahs He does not say 
how many larva were found, but notes that the vagina was diseased 
and that a discharge was present In his paper, Bruce says “I am 
unable to find any reference to invasion of the vaginal cavity by the 
larvae of E tenax in either man or animals ” As a matter of fact, 
Bruce’s case is the second recoided case of this sort, the first having 
been published by Plall and Muir- (1913) Their recoid is as follows 

In the Bureau ol Animal Industry collection of parasites there 

are also eight Enstahs larvae sent in from Laurel, Md , in 1909, with the state- 
ment that they were passed in a jelly-like substance from the vagina of cattle 
In correspondence relative to these specimens. Dr B H Ransom suggests 
to the sender 

Probably a diseased condition of the organ in which you found these larvae 
created an odor which attracted the flies to this particular place, with the result 
that they have deposited their young in the unusual location 

The above record has been cited by Metcalfe (1916), but it is not 
at all surprising that the record escaped the attention of Dr Bruce 
The fact that we now have two records of the presence of Enstahs 
larvae in the diseased vagina of cattle instead of one record, however, 
does much to establish the validity of both records and the likelihood 
that similar occurrences do happen from time to time 

Hall and Muir- listed a summary of seven published cases of 
myiasis in man due to larvae of the Syiphidae To this they add their 
new case and four cases from the files of the United States Bureau of 
Entomology, furnished through the courtesy of Dr L O Howard and 

* Submitted for publication Oct 23, 1917 

1 Bruce, E A A New Parasite for Cattle The Larvae of Enstahs tenav 
L (drone fly). Jour Am Vet Med Assn, 1917, 1 , 66-68, Fig 1 

2 Hall, M C and Muir, J T A Critical Study of a Case of Myiasis 
Due to Enstahs, The Archives Int Med, 1913, 11 , 193 

3 Metcalf, C L Syrphidae of Maine, Bull 255, Maine Agric Exper Sta , 
1916 
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Mr R S Clifton, and one from the files of the United States Bureau 
of Animal Industry, furnished through the courtesy of Dr A D 
Melvin and Dr B H Ransom, to whose courtesy they were also 
indebted for the record of the case of vaginal myiasis Twelve of these 
were cases of gastro-mtestinal myiasis and one (Leidy’s) a case of 
nasal myiasis To the summary of human cases by Hall and Muir, I 
wish to add an unpublished case in man, for which I am indebted to the 
kindness of Dr Allen J Smith of the University of Pennsylvania and 
Dr F J Bardwell of Tunkhannock, Pa , and to note a subsequently 
published record by Iches^ (1914), and three records of Austen (1912, 
not available), cited by Graham-Smith‘s (1914)' 

Under date of April 24, 1913, Dr Smith wrote me as follows 

I have recorded here m our laboratory reports a case of Enstahs m the 
human stool, definitely regarded as Enstahs, and tentatively, for the same reason 
you assign m your case, E tenar (common occurrence of the fly) The speci- 
mens (two) were sent Sept 9, 1908, by Dr F J Bardwell of Tunkhannock, 
Pa , through the State Health Department (the bacteriological work of which 
was then done by this laboratory) as from the stool of B L, white, male, 
native, aged 18 No statement as to the condition of the subject and no 
account of the circumstances of recovery of the specimens were given, although 
doubtless Dr Bardwell can furnish them I note the specimens as 13 and 14 
mm in length, respectively, 4 and 5 mm thick m anterior part, the "tail” as 
equaling the body length in the first, somewhat retracted in the second, tail 
curved anteriorly Dark brown, firm, apparently brittle, seven pairs of hook- 
bearing prolegs (numerous hooks arranged in curved rows) Dorsally at 
head end two pairs of hooks, the posterior the longer and directed forward, 
the anterior the smaller and directed backward On each side submedian row 
of indefinite tubercles, between which are a number of fine transverse ridges 
of the cuticle Indefinitely seven-segmented It has never been pub- 

lished 

In response to a recent request for information in regard to this 
case. Dr Bardwell wrote me, under date of Oct 12, 1917, as follows 

I remember the case you refer to very well About a year after 

that, he had the same thing again There is no doubt about it being a genuine 
case Creohn, one dram to quart of hot water, was the treatment The symp- 
toms are intense irritation of the rectum 

Iches^ (1914) states that when traveling in the Argentine Republic 
he found in the entomologic collection which is under Dr Lahille’s 
supervision, two rat-tailed larvae collected at Necochea in 1904, and 
was furnished the following history by Dr Lahille 

A physician at Necochea was called in to attend a 7-year-oId girl who com- 
plained of a pain in the rectum Nothing was detected on simple examination 
and the doctor ordered washing, which brought about no change He then 
gave a purgative, which caused the expulsion of the larvae, which were sent 

4 Iches, L Un cas original d’hospitahsation rectale, Arch d parasitol 
1914, 3, 473 

5 Graham-Smith, G S Flies in Relation to Disease Non-bloodsucking 
Flies Cambridge, 1914 
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to Lahille The two larvae measured as follows Body 12 5 mm long by 
2 mm wide, tail 18 mm , body 11 mm long by 2 mm wide, tail 13 5 mm 
The color was dirty gray 

Austen's cases of human myiasis due to syrphid larvae are noted 
by Graham-Smith'^ as follows “In England, Austen (1912) has met 
with two cases due to the larvae of a Syiphus or hover-fly, 

one case due to the ‘rat-tailed maggot' of Ei istahs tenax ” 

It would appear, then, that there are at least seventeen records 
claiming the presence of syrphid larvae m the digestive tract of man , 
one record claiming their presence in the nostrils of man, and two 
records claiming their presence in the diseased vagina of cattle 

In passing, it might be noted that Blundeville in his book, “The 
Order of Curing Horse Diseases,” published in 1609, says that a 
“bottee” has a “great head and small long tail like a needle ” This is 
a very poor description of a hot and a fairly accurate description of a 
rat-tailed larva It suggests that Blundeville had seen rat-tailed larvae 
in horse manure, a favorite breeding place, and regarded them as bots 
which had been passed by the horse, and this may be a rather common 
error It is still a common error to regard free-living forms occurring 
in feces as parasites which have passed from the digestive tract 
Herms® (1915) says that the frequency with which the larvae occur in 
liquid excrement must lead to caution in accepting reports that they 
have been evacuated, and adds “The writer has on several occasions 
received specimens of ‘rat-tailed’ larvae which were said to have been 
evacuated by the ‘double handful’ and that the patient had ‘steadily 
improved’ thereafter ” 

As regards the species of syrphid involved in these cases, we may 
quote Metcalf’s opinion 

I wish to emphasize the practical impossibility, at our present state of pub- 
lished knowledge, of referring larvae found in such circumstances to a definite 
species, or even to the genus, unless specimens are reared to the adult It 
seems to be the custom to refer any rat-tailed larva to Eristalis' tenax, or at 
least to the genus Eristalis Such records, unless based on adults reared from 
the larvae, must, it seems to me, be discarded as of no specific importance 
I have examined a dozen species of rat-tailed larvae belonging to 

several genera, the separation of which is exceedingly puzzling and difficult, 
and any one of which might easily be mistaken for the larvae of Eristalis tenax 

Hall and MuiH stated in regard to these rat-tailed larvae “Only an 
occasional pupa, and never a larva, survives the winter ” Regarding 
this point, Mr E R Warren of Colorado Springs, Colo , a well-known 
ornithologist and mammalogist, wrote me, under date of March 18, 
1913, as follows 

The latter part of February, 1902, I took from an outdoor tank at a fish 
hatchery near Crested Butte, Colo , a bunch of live rat-tailed maggots, which 
were identified by Dr L O Howard as Eristalis tenav He made no com- 


6 Herms, W B Medical and Veterinary Entomology New York, 1915 
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ment as to the season when they were found, and perhaps did not understand 
that they were taken in winter 

The tank was a wooden aifair, perhaps 4 by 8 by 3 feet deep, in open air, 
not used for any special purpose, but the water from the hatchery flowed through 
It This water is taken from a spring and piped right into the building and 
flows through the hatching troughs, and hence out into the tank I have men- 
tioned As the winters are cold there, 9,000 feet, the temperature of 

the water in the tank was probably not much above 32 F , but as it comes 
from the spring into the hatchery it is 45 F the year around 

One sort of myiasis about which little of a specific sort seems to be 
published is rectal myiasis, due to blow-fly larvae, especially in sick and 
in moribund animals, and more especially where there is blood in the 
feces I have seen a few cases of this sort and had one case in the dog 
recently In this case the dog was being used to determine the lethal 
dose of an anthelmintic, and a resultant hemorrhagic gastritis was the 
source of the blood in the feces The day before this dog died, mag- 
gots were found to be crawling in and out of the anus To alleviate 
this condition, the dog was given a rectal injection of 1 cc of chloro- 
form in 9 c c of castor oil On postmortem examination the following 
day, the rectum, colon and anal region were found free from larvae, 
but four larvae, dead when collected, were found in the small intestine 
It is possible that these four larvae had been driven back up the large 
intestine by the rectal injection and had entered the small intestine 
either before or after the death of the dog The dog had eaten nothing 
for several days, except a small amount of milk, and it appears more 
likely in this case that the larvae in the small intestine entered the body 
by way of the anus than by way of the mouth It suggests that occa- 
sional cases of gastric and enteric myiasis might be explained in this 
way in cases in which the evidence seemed opposed to the idea of 
infection by mouth Graham- Smith® (1914) has noted this as a pos- 
sible mode of infection in man He says that “Babies left exposed in 
an uncleanly condition may become infested The larvae on hatching 
make their way into the rectum, and perhaps penetrate into the 
intestine ” 



A COMPARISON OF THE FUNCTIONAL AND ANATOMIC 
FINDINGS IN A SERIES OF CASES OF 
RENAL DISEASE =!' 

ALFRED STENGEL, MD, J HAROLD AUSTIN, MD 

AND 

LEON JONAS, M D t 

PHILADELPHIA 

It IS our purpose in this article to report a group of thirty cases of 
renal disease which have been studied by certain of the recently intro- 
duced methods of renal functional testing, including the estimation of 
the plasma chlorids Fifteen of these cases have come to necropsy, 
thus affording an opportunity of comparing the functional and ana- 
tomic findings The cases are classified into four mam groups, with a 
few additional miscellaneous cases The important clinical findings 
and the results of the functional tests are tabulated in Table 1 The 
pathology of the kidneys from the cases coming to necropsy is tabu- 
lated in Table 2 A general discussion of the findings in each group 
IS given in the text Detailed protocols of the individual cases are 
appended at the end of the report 

METHODS 

Blood pressures were read by the auscultatory method, the diastolic pres- 
sure being read at the end of the fourth phase The phenolsulphonephthalein 
figures represent in all cases the output in two hours after injection, allowing 
in the case of intramuscular injection an additional ten minutes for the appear- 
ance of the drug Catheterization was not employed routinely but only when 
there was evidence of retention The drug was injected into the lumbar muscles, 
as a rule, unless there was edema, in such cases it was given intravenously 
Blood for chemical study was taken from the vein at the elbow either before 
breakfast or four hours after a light breakfast For the estimation of the 
plasma chlorids and of plasma bicarbonate the blood was drawn directly into 
centrifuge tubes containing potassium oxalate crystals beneath paraffin oil and 
immediately centrifuged and the plasma pipetted from the cells Blood urea 
nitrogen was determined by the method of Van Slyke and Cullen , ^ total non- 
protein nitrogen by the method of Fohn and Denis,® using titration instead of 


Submitted for publication Oct 18, 1917 
^From the William Pepper Laboratory of Clinical Medicine and the Medi- 
cal Division of the Hospital of the University of Pennsylvania 

t Woodward Fellow in Physiologic Chemistry, William Pepper Laboratory 
of Clinical Medicine, University of Pennsylvania 

1 Van Slyke, D D , and Cullen, G E A Permanent Preparation of Urease 
and Its Use in the Determination of Urea Jour Biol Chem , 1914, 19 , 211 

2 Fohn, O , and Denis, W New Methods for Determination of Total 
Nonprotein Nitrogen, Urea and Ammonia in Blood Jour Biol Chem , 1912, 
11 , 527 
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nesslenzation , plasma chlorids by the method of McLean and Van Slyke,' 
plasma bicarbonates by the method of Van Slyke * In all cases the figures for 
the phenolsulphonephthalein test represent percentile excretion for two hours, 
for the blood urea nitrogen and total nonprotem nitrogen, milligrams of 
nitrogen per 100 c c of blood , for the plasma chlorids, grams of sodium chlorid 
per liter of plasma, for the plasma bicarbonate cubic centimeters of carbon 
dioxid gas per 100 c c of plasma reduced to 0 C 760 mm Hg, and corrected 
for vapor tension The pathologic histology is based on tissues fixed either 
in Zenker’s or Orth’s fluid, sectioned in paraffin and stained with hematoxylin 
and eosin 

Acute Glomemlonephntis and Early Chrome Nephnks — The 
senes includes two cases of acute glomerulonephritis (Cases 1 and 2) , 
one fatal, with necropsy, one with recovery Both cases exhibited 
elevation of blood pressure, increase of the urea or nonprotem nitrogen 
of the blood, marked increase of the plasma chlorids and a reduction 
of the plasma bicarbonates The pathology in Case 1 was that of an 
acute glomerulonephritis and acute suppurative interstitial nephritis 
Case 3 was one of early chronic nephritis with a tendency to recur- 
ring acute attacks The renal functional tests in this case were normal 
at the time investigated The nephritis in this case appeared to be 
secondary to acute throat infections 

Chionic Glomei ulonephutis — ^Eight cases are in the series (Cases 4 
to 11) with six deaths and five necropsies These cases show elevation 
of blood piessure, marked reduction in phenolsulphonephthalein excre- 
tion, very high blood urea or nonprotem nitrogen, fixation of the 
specific gravity of the urine and usually an albuminuric retinitis 
Certain features deseive comment The frequency of either 
abdominal or lumbar pain, dull and aching in character, as one of the 
first symptoms observed m these cases is quite striking and ha§ not, 
we believe, been sufficiently emphasized The reduction m the plasma 
bicarbonates has been noted before by us'^ as a practically constant 
feature of this type of nephntis m the final stage In Case 5 a con- 
siderable elevation of the plasma bicarbonates was secured by per- 
sistent alkaline therapy, but without any beneficial effect on the patient, 
as far as could be determined It seems probable that the acidosis is 
without any serious effect per se on the patient , certainly, at least, any 
deleterious effect it may have is so overshadowed by graver dis- 
turbances as to be scarcely recognizable 

Of special interest are the kidneys with respect to the plasma 
chlorids m these patients In contradistinction to the tendency m acute 

3 McLean, F C , and Van Slyke, D D A Method for the Determination 
of Chlorids in Small Amounts of Body Fluids Jour Biol Chem , 1915, 2I» 361 

4 Van Sb’ke, D D A Method for the Determination of Carbon Dioxid 
and Carbonates m Solution Jour Biol Chem , 1917, 30, 347 

5 Austin, J H , and Jonas, L Chemical Studies of Acidosis Am Jour 
Med Sc , 1917, 153, 81 
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glonieiulonephntis, and indeed, m practically all the other forms of 
renal disease which we have thus far studied, the plasma chlorids 
are found to be low rather than high Cases 4 and 10 are within 
normal limits Case 6 showed a very low figure Whether the vene- 
section and introduction of nonnal saline intravenously twelve hours 
before may have influenced this latter reading we are not prepared 
to say, but it cannot, we feel suie, wholly account for the low reading 
In Case 5, although the first leading was elevated above the normal, 
the two subsequent readings were normal and the final reading very 
low The patient had been kept on a salt-free diet, and this may have 
favored the i eduction in the figure for the plasma chlorids, but does 
not wholly explain it, for in other forms of nephritis, and, as ive have 
shown elsewhere,'^ in the nonnal dog it is impossible to produce such 
a reduction in the plasma chloiids by witholding salt with or without 
the free administration, by mouth, of distilled water It seems fair 
to conclude, therefore, that in the last stage of glomerulonephritis, 
when the elevation of blood urea is the highest observed, theie is a 
tendency to an absence of increase or to an actual reduction below 
normal of the plasma chlorids The blood pressure falls in all cases 
shortly before death, but we Avere surprised to find that throughout 
the series the drop in the systolic and diastolic pressures was propor- 
tional, so that the ratio of the diastolic to the systolic pressure remains 
practically unchanged We would have expected the fall to occur 
chiefly m the systolic pressure, but this appears not to be the case 

The pathology in all these cases is essentially the same, namely, a 
glomerulonephritis, with marked cellular proliferation m the tufts and 
with a variable degree of secondary fibrosis No close parallel can be 
drawn between the clinical findings and the extent to which the secon- 
dary fibrosis of the glomeruli has occurred In Cases 10 and 11 this 
was very marked In Case 7 it has proceeded to only a very slight 
extent, in Case 9 the glomerular change was less definitely of the 
proliferative type and was largely one of hyalimzation It is interest- 
ing to note that this is the one case of the group coming to necropsy 
which did not show a very high blood pressure All these cases 
showed more or less sclerosis of the renal A^essels and interstitial 
fibrosis m the medulla and to some extent in the cortex In the latter 
the fibrosis is alw^ays most marked about the obliterated glomeruli, 
areas in which the tubules belonging to the glomeruli have undergone 
collapse with atrophy of their epithelium and sometimes with prac- 
tically complete obliteration 

Grossly, in all of these cases the kidney was contracted and usually 
pale in color 


6 Austin, J H , and Jonas, L Effects of Diet on the Plasma Chlorids and 
Chlond Excretion in the Dog, Jour Biol Chem , 1918, 33, 91 
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These typical cases constitute a well marked group both clinically 
and in the histology of the kidney, and the condition deserves the 
specific name of chronic glomerulonephritis, for, although in the final 
stages there is extensive destruction of those tubules associated with 
the most diseased glomeruli, this destruction is clearly secondary to 
the primary disease of the glomeruli There are good grounds for 
the view that while the elevation of the blood pressure in these cases 
IS related to the primary glomerular disease, the reduction in the 
phenolsulphonephthalein output, the retention of the nitrogenous sub- 
stances in the blood and the fixation of the specific gravity of the 
urine are consequent on the gradual secondary destruction of the 
tubules McNider’s^ studies of the spontaneous glomerulonephritis 
of the dog, we believe, support this view Clinically, we have observed 
repeatedly in these cases the early appearance of hypertension and the 
gradual development much later of the impaired renal functional tests 

Chiomc D^ffuse Nephuhs — In this group, which is substantially a 
mixed glomerular and tubular nephritis, we have included four cases / 
(12 to 15) which exhibited one or more of the following edema of 
the face, waxy pallor, large amounts of albumin in the urine, abundant 
casts of all kinds, doubly refractile lipoids in the urine, and relatively 
slight elevation of blood pressure Because of the conspicuous pres- 
ence of some of these features these cases should doubtless be included 
in the group of conditions variously called parenchymatous nephritis, 
tubular or degenerative nephritis, nephropathy or nephrosis Caieful 
study of the cases in this group either clinically or as regards the 
histology of the kidney in the two cases necropsied shows, however, 
that these cases merge with those of the previous group The olood 
pressure in all Avas at some time more or less elevated, and in Case 12 
was quite high The albuminuria was in no case greater than in 
Case 11 of the other group Casts were scanty in some cases and 
sometimes absent in others , in no case were they more abundant or 
more varied in character than in Cases 9 and 11 of the other group 
The phenolsulphonephthalein test ivas, at least at the earlier examina- 
tions, higher in these cases than m the other group, but thic is in part 
a mattei of the stage of the case, for in both Cases 14 and 15 the 
phenolsulphonephthalein became very Ioav before death, and in Case 7 
of the other group the phenolsulphonephthalein Avas quite fair Avhen 
first seen, tAvo months before death The difference in the elevation 
of the blood nitrogen in the tAvo groups is one of degree only, and like 
the phenolsulphonephthalein probably much influenced by the stage of 
the disease The plasma chlorids, hoAvcA'er, in the cases studied, AAcre 

7 iHcNider, W de B A Pathological Study of the Naturally Acquired 
Ciironic Nephropathy of the Dog Jour Med Research, 1916, 34, 177 
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higher than noimal instead of normal or low, as in the other group, and 
from a recent case we know they may persist above noimal untih death 
In the other group it is worth noting, however, that the patient m 
Case 5, who exhibited eventually such a low plasma chloiid, had a 
high plasma chloiid when first seen five weeks earlier The urinary 
specific gravity tends to approach fixation at about 1 011 to 1 013, 
although this is less pronounced than in the other group In studying 
the pathology we find no sharp distinction between the two gioups in 
the gross pathology Histologically, it is undoubtedly true that both 
cases 111 this group exhibited more evidence of disease oi destruction 
of the tubular epithelium than has occurred in the cases of the other 
group This was conspicuous, however, only in Case 15 On the 
other hand, both cases in this group exhibited definite destruction of 
the glomeruli , in Case 14, indistinguishable in character from that seen 
in the othei group It is true that both cases, and especially Case 15, 
exhibited less evidence of cellular prolifeiation m the glomeiular tufts 
than did most of the cases in the other gioup, the lesions being more 
in the nature of a hyalmization of the loops This may perhaps be 
correlated with the lower blood pressure in the cases of this gioup 
As regards etiology, it may be noted that Case 5 of the former group 
and Cases 12 and 15 of this group originated apparently m pregnancy 
We conclude, therefore, that these four cases which we have 
grouped together do not constitute a distinct type of nephritis either 
clinically or anatomically, but that, owing perhaps to a greater involve- 
ment of the tubular epithelium and perhaps to less pronounced cellular 
proliferation in the glomeruli, they exhibit a somewhat altered picture 
with a tendency to more edema of the so-called renal type, more 
albuminuria, a gi eater abundance and variety of casts, a higher con- 
centration of the plasma chlorids and less increase in the blood urea, 
less reduction m the phenolsulphonephlhalein, less fixation of the 
urinary specific gravity and less elevation of the blood pressuie 

We wish to emphasize at this point, however, that the distinctions 
just named ought not, we believe, be taken as evidence that the excre- 
tion of urea and phenolsulphonephthalein is a function of the glomeruli 
The factors are much too complex to warrant such conclusions from 
cases that resemble each other so closely as do those of these two 
groups Moreover, there is good experimental evidence to support the 
view that the chief excretion of both urea and phenolsulphonephthalein 
IS a function of the tubules This view is supported by the fact that, 
in the early stages of glomerulonephritis, when the anatomic lesions 
are in nian> cases practically confined to the glomeruli, although the 
blood pressure is elevated, the blood urea and the phenolsulphone- 
phthalein excretions are quite noimal Later, in the advanced stages, 
when the blood urea and the phenolsulphonephthalein are markedly 
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altered, there is always extensive obliteration of a large number of 
the renal tubules secondary to the fibrosis and obliteration of their 
associated glomeruli 

We are disposed to apply to such cases as those m the group that 
includes Cases 12 to 15 the simple term chronic nephritis or chronic 
diffuse nephritis without further qualification, and to reserve for the 
typical cases of the former group the more specific term chronic 
glomerulonephritis 

Attenosclei osis — The series includes nine cases of arteriosclerosis 
with cardiac decompensation (Cases 16 to 24) , four with necropsy 
The kidneys of these cases varied to a considerable degree Two 
were grossly of the so-called arteriosclerotic type, one was a 
small, pale kidney, one was normal grossly Histologically, they 
showed practically normal glomeruli , little or no change in the tubular 
epithelium , little interstitial fibrosis , more or less marked sclerosis of 
the larger arteries and less or none of the smaller vessels , and a more 
or less marked degree of passive congestion which in Case 18 was very 
intense The blood pressure in these cases was for the most part a 
little lower than those seen in the cases of chronic glomerulonephritis, 
and the ratio of pulse pressure to systolic pressure was lower in this 
group A fall of blood pressure occurred as death approached, but, as 
noted in the former group, the fall in pulse pressure was, to our sur- 
prise, not greater relatively than is the fall in systolic pressure The 
phenolsulphonephthalein excretion was moderately good, being over 
20 per cent in two hours in all but two cases which were studied about 
a month before death when cardiac decompensation was quite marked 
In one case an elimination of 60 per cent was observed Increase in 
blood urea or nonprotein nitrogen was of very moderate proportions 
The plasma chlorids were normal or approximately normal in the cases 
studied The plasma bicarbonates were but little lowered except in one 
case Urinary specific gravity exhibited about the same range as would 
be seen in a similar series of normal cases and showed little tendency 
to fixation 

Three additional cases (25 to 27) were also instances of arterio- 
sclerosis, but the presence of edema of the face, headache, vomiting 
and impaired vision suggested the association, in addition, of more or 
less chronic nephritis Two of these cases coming to necropsy con- 
firmed this suspicion, since both exhibited, in addition to arterio- 
sclerosis, a rather early stage of chronic glomerulonephritis with cel- 
lular proliferation in the tufts The blood pressure and the relative 
pulse pressure in these cases was higher than in artenosclerotics and 
resembled that of the chronic glomerulonephritis group The phenol- 
sulphonephthalem "was moderately reduced The blood urea or non- 
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protein nitrogen exhibited an increase intermediate between the slight 
increase of the artenosclerotics and the marked increase of the late 
glomeiulonephritics Plasma chlonds, plasma bicarbonate and urinary 
specific gravity correspond rather with the obseivations in the arterio- 
sclerotic group (These cases aie presumably instances of what Vol- 
hard and Fahr® in their recent monograph have called “Kombination- 
form ”) In Case 26 the history is inadequate In the other two cases 
recent infections, pneumonia and acute rheumatism, had occurred and 
may be considered as probable causes of the nephritis superimposed on 
the arteriosclerosis 

Mxscellaneotis — Cases 28 and 29 exhibited what we interpret as a 
somewhat confusing combination of weakened myocardium and chionic 
diffuse nephritis In the tendency to slight elevation of blood pressure 
and to edema of face these cases suggest chronic nephritis The renal 
functional tests, however, indicate strikingly little impairment of renal 
function 

Case 30 exhibits a rather pronounced impairment in certain of the 
renal functional tests, but at necropsy showed merely a pronounced 
fatty degeneration of the epithelium of the convoluted tubules It 
illustrates how marked an impairment of phenolsulphonephthalein 
excretion and accumulation of waste nitrogen in the blood can result 
from a purely tubular lesion or occur with no other renal lesion than 
this 

CONCLUSIONS 

1 The cases of acute nephritis showed rather a pronounced impaii- 
ment of all the renal functional tests 

2 The cases of advanced chronic glomerulonephritis showed, m the 
most pronounced degree, elevation of blood pressure, depression of 
phenolsulphonephthalein excretion, elevation of blood urea or non- 
protein blood nitrogen, fixation of urinary specific gravity and the 
presence of albuminuric retinitis 

These cases were characterized, however, by a normal or even a 
definitely subnormal plasma chlorid level, and by a considerable reduc- 
tion of the plasma bicarbonates 

Those cases which exhibited marked tendency to proliferative 
changes in the glomerular tufts were characterized, as a rule, by higher 
blood pressure than the cases which exhibited chiefly hyaline changes 
m the tufts 

3 The cases which might have been classed clinically as chronic 
parenchymatous nephritis or as nephroses, because of the very slight 
elevation of blood pressure, the less marked depression of phenolsul- 
phonephthalein, the less marked elevation of nonprotein nitrogen and 

8 Volhard, F , and Fahr, Th Die Bnghtsche Nierenkrankheit Berlin, 1914 
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Clinical Diagnosis 

Sev 

Age 

Symptoms of Onset 

Anemia 

Blood 

Pressure 

L H 

Acute Coptic neplirit s, septi 

9 

36 

Sepsis following abortion 

3Ioderate 

157- 91 


cemia 





SG- 59 

C J 

Acute postinfectious glom- 

d 

35 

Edema face and feet, oil 

None 

155-105 


erulonephritis 



guria, anorexia 


130- SO 

J J McF 

Early chronic nephritis 

d 

24 

Edema face, hands and 

Slight 

145- O0 




feet, headache, lumbar 
pain 


135- 80 


G P 

Advanced glomerulonephritis 

d 

49 

Headache, lumbar pain, 

3Ioderate 

210-145 




edema of face 



P G 

Advanced glomerulonephritis 

9 

35 

Headache, vomiting, dysp 

Moderate 

230-170 


(pregnancy) 



nea, edema of feet, im- 
paired vision 


140- 90 

W M 

Advanced glomerulonephritis 

9 

38 

Oliguria, loss of conscious- 

Slight 

160-100 


Terminal infection (7) 



ness, convulsions 


135- 90 

M W 

Chronic glomerulonephritis 

9 

28 

Weakness, vomiting, head 

Marked 

260-175 




ache, vertigo, abdominal 


190-120 

A C 

Areteriosclerosis, chronic glom 

9 

61 

Headache 

Slight 

260-135 


erulonephritis 





190-120 

J W 0 

Chronic glomerulonephritis 

d 

46 

Weakness, tires easily 

Moderate 

160- 95 
140- 85 

P K 

Advanced glomerulonephritis 

d 

34 

Headache, vomiting, ab 

Slight 

178-115 




dominal pain 


120- 85 

W L 

Advanced glomerulonephritis 

d 

28 

Eumbar pain, vomiting, 
headache 

Moderate 

215-130 
150- 90 

E M 

Chronic nephritis (pregnancy) 

9 

42 

Eumbar pain, impaired 

None 

210-130 




vision, headache, edema 
face and feet eclampsia 


200-125 

140- 95 


H C 

Chronic nephritis 

9 

15 

Edema face and feet, head 

Moderate 




ache, impaired vision, 
vomiting 


125-85 

170- 80 


M 0 

Chronic nephritis 

9 

24 

Abdominal pain, vomiting. 

Moderate 




weakness 


145- 75 

S G 

Chronic nephritis (pregnancy) 

9 

20 

Edema face, headache Im- 

Marked 

165-105 




paired vision, vertigo 


128- 85 

J P 

Arteriosclerosis, cardiac de 

d 

57 

Weakness dyspnea 

None 

ISO-lSO 


compensation 

1 




165-110 

H R 

Arteriosclerosis, cardiac de 

d 

69 

Edema face and legs, dys 

Slight 

105- 75 


compensation 



pnea, oliguria 


98- 75 

i ] S 

Arteriosclerosis cardiac de 

d 

68 

Edema legs, dyspnea. 

Slight 

150- 95 


compensation 



■weakness 


130- 90 

D E 

Vrteriosclerosis, cerebral hem 

d 

54 

Apoplexy 

Slight 

220-160 


orrhage 

\ 




145- 95 

t C S 

Arteriosclerosis, cardiac do 

d 

38 

Dyspnea, -weakness, cough. 

None 

195-125 


compensation luetic 



edema legs 


170-110 

i R W 

Aitenosclerosis cardiac de 

d 

40 

Edema of legs, dyspnea. 

Slight 

195-100 


compensation, luetic 



oliguria 


185- 7o 

! 11 T B 

Arteriosclerosis cardiac de 

d 

54 

Edema legs, dyspnea 

hone 

175-110 


compensation, emphysema 






5 31 31 

Arteriosclerosis, cardiac de 

\ 5 

57 

Cough, dyspnea, edema 

None 

145-100 


compensation 



back, legs and face 


100- 70 

1 P H 

Gistnc carcinoma cardiac de 

I d 

54 

Epigastric pain, dyspnea. 

Severe 

123- 65 


compensation 

1 


ueakness, ediraa legs 



3 S P 

Trtcriosclcrosis chronic no 

d 

50 

Edema legs, dyspnea, vom 

Moderate 

240-130 


phritis cardiac decompensa 



iting, headache 


205-110 

G J M B 

tion 

'Vrteriosclerosis, chronic ne 

d 

45 

Headache, apople-vy 

Slight 

260-135 


phritis, cerebral hemorrhage 




190-120 

7 G 31 

■VrtcrioEcIcrosis chronic nc 

$ 

50 

Cramps m legs weakness. 

None 

265-160 


, phritis 



edema of feet and face 
headache, impaired vision 


160- 90 

140-87 

180-125 

5 W TV B 

Postinfectious myocarditis. 

cT 

36 

Dyspnea, cough, edema 

Slight 


early clironic nephritis 



face 


r F 

Chronic nephritis cardiac de 

d 


Edema feet and face, dys 

Slight 

145-105 


compensation 



pnea, vomiting, oliguria 


160- 85 
135- 65 

■t) I r 

Hrroln habitut asthenia, ga' 

d 

20 

1 Diarrhea, lomitlng, -weak 

None 

105- SO 
95- 60 


troentcritls 



ness 










— Clinical Data 


Phenol- 

sulphone 

phthalejn 

Blood 

Urea 

N 

Non 
protein 
Blood N 

Plasma 

NaCl 

Plasma 

COs 

Urinary 

Specific 

Gravity 

Eyegrounds 

Termination 

0 


112-227 



1 008-1 011 


Pulmonary edema, death 

4l-(i0 

62-10 


0 5-5 9 

6160 

1 015-1 018 


Improved 

60 

12 


55 

71 

1 015-1 018 


Improved 

1 

0 

102 


57 

49 

1 010-1 012 

Sclerosis, 

hemorrhage 

Gnimpioved 

(» 

125-14S 


61-4 9 

30 53 

1 010-1 012 

Albuimnuric 

retinitis 

Unimproved 

i 

! 

i 

185 


4 r. 

48 



Convulsions, pulmonarj 
edema, death 

45-50 ! 





1 015-1 033 

1 009-1 013 

Albuminuric 

retinitis 

Coma, pneumonia, death 

10 





1 005-1 010 

Albummurie 

retinitis 

Coma, death 

2 


127 



1 012 

Normal 

Coma, death 

Trace 

195 


5 5-5 6 

36 

1 009-1 on 


Coma, death 

9 





1 011-1 OIS 

Albuminuric 

retinitis 

Pericarditis, death (car- 
diac) 


30 


(> 


1 013-1 015 


Improved 

33-50 

17-23 


0 0-0 2 

00 

1 010-1 017 

Pullness of 
veins 

Caidiac failure, death 

22-0 


78 



1 012-1 021 

1 010-1 012 


Coma, death 

22-6 


81 



1 009-1 020 


Ohguria, death (cardiac 
following decapsulation) 

15 





1 020-1 021 

1 


Cardiac, death 



30 



1 OIS--* 025 

1 


Pneumonia, death 

13 


48 



1 020-1 025 


Cardiac, jaundiced, 
death 

30 


3b 



1021 


Apoplexy, pulmonary 
edema, death 

35 

17 


50 


1 017-3 021 


Improved 

20 

35-17 


5 9-5 8 

46 53 

1 021 1 025 

1 007-1 012 


Improved 

27-25 

33-9 


5 7-5 5 

56 01 

1 008-1 012 


Improved 

fill 

^0 


59 

57 

1 005-1 010 


Improved 

48 

29 


60 

06 

1 012-1 017 


Unimproved 

30-10 

20-52 


58-63 

63 52 

1 012-1 022 

Albuminuric 

retinitis 

Improved 


58 



01 

1007 


Apoplexy, death 

21-12 


72 



1 009-1 020 


Coma, Cheyne Stokes, 
circulatory death 

42-32 

15-20 


5 9-5 5 

59 65 

1 013-1 027 

Normal 

Improved 

50-00 

12-19 


60-57 

35 53 

1 017-1 021 

Normal 

Improved 

f 


55 



1003 


Collapse, death 
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the more nearly normal urinary specific gravity, and because they 
exhibited conspicuous edema, especially of the face, and abundant 
albumin and casts of all kinds in the urine — these cases were less 
definitely characterized histologically than had been expected While 
It IS true that they showed pronounced degenerative or necrotic changes 
in the tubular epithelium, they also showed conspicuous, even advanced 
glomerulonephritis Histologically, their separation from the clinical 
group of advanced glomerulonephritis would have been difficult, per- 
haps impossible Grossly, the kidneys in these cases were identical 
with those of the other group just mentioned We prefer to call these 
cases simply "chronic nephritis” without further qualification 

The plasma chlonds were elevated m the two cases of this group 
studied in this connection 

4 The cases which clinically and histologically were cases of lenal 
arteriosclerosis, exhibited a variety of forms of kidney, grossly, and 
could not have been properly classified on gross appearance alone The 
blood pressure, and especially the pulse pressure, although much above 
normal, were usually lower than in cases of advanced glomerulo- 
nephritis 

The plasma chlonds and plasma bicarbonates were normal or 
approximately so 

5 In all cases with elevation of blood pressure some fall of pres- 
sure was noted in the last five or ten days before death Contrary to 
expectation, however, the fall in diastolic pressure was closely pro- 
portional to the fall in systolic pressure, and not less, as would have 
been expected 

PROTOCOLS OF CASES 

Case 1 — Acute Diffuse and Suppurative Nephritis Following a Septic 
Endometritis with Pyemia 

L H , woman, aged 26, was admitted three weeks before death because of 
abdominal pain 

The patient had had measles in childhood, scarlet fever at 26 For several 
years she had had attacks of otitis media Two months before death, following 
a severe nervous shock, she developed a recurrence of otitis media A month 
before death an abortion was attempted, followed by abdominal pain, diarrhea, 
a slight fever and a leukocytosis of 18,000 The leukocytosis increased to 
55,000, with 88 per cent of polymorphonuclear neutrophils a week before death, 
and then declined to 28,000 with the same differential percentile count The 
patient grew progressively weaker, developed acute suppurative parotitis, fol- 
lowed by cellulitis, a progressing anemia and died with pulmonary edema 

The phenolsulphonephthalein test showed no excretion during the last two 
weeks The total nonprotein nitrogen was as follows 16 days before death, 
112 mg per cubic centimeter , 14, days, 144 mg , 12 days, 179 mg , 9 days, 
227 mg , 7 days, 208 mg , 5 days, 112 mg The fall in blood nitrogen during 
the last week was associated with the development of persistent vomiting The 
blood pressure was 118-82 twenty-one days before death and rose to 157-91 
fourteen days before death The urine was of good volume to the end , specific 
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gravity, from 1 008 to 1 014 , albumin, from a light cloud to solid , casts regu- 
larly absent, pus abundant, erythrocytes usually in considerable numbers 
At necropsy there was found septic endometritis , cellulitis and suppura- 
tive otitis of the entire right ear, multiple small abscesses in the lungs The 
kidneys were large, red and flabby Histologically most of the glomeruli 
exhibited some degree of acute intracapillary glomerulonephritis, in many this 
was scarcely noticeable, in others it was quite marked and there was desquama- 
tion and exudation in Bowman’s capsule The tubules exhibited granular 
degeneration and some contained desquamated epithelium and many erythro- 
cytes There was marked interstitial hyperemia and edema and areas of 
lymphocytic and polymorphonuclear infiltration that constituted minute abscesses 

Case 2 — Acute Gloma uloncphnits with Tubular Involvement, Recovery 
C J, man, aged 35, colored, admitted Sept 26, 1916, because of edema of 
the feet, legs and scrotum, discharged Nov 27, 1916, improved 

The patient had measles in childhood, gonorrhea at 19, used alcohol freely 
Three \/eeks before admission he developed feverishness and pains m the 
extremities Two weeks later he noticed swelling of the feet and face and 
later of the legs and scrotum, the urine was scanty and reddish, there was 
loss of appetite 

On admission he presented edema as described, slight icterus seen in the 
sclerae, the heart of normal size, first sound of poor tone, second, slightly 
accentuated , the urine, 400 to 1,000 c c on admission, rose to 2,000 c c before 
discharge, the specific gravity was from 1015 to 1018, albumin, at first, almost 
solid, later reduced to traces, at first, abundant hyaline, granular and leuko- 
cytic casts, a few erythrocytes, many leukocytes and renal epithelium, on dis- 
charge no casts, leukocytes and epithelium about normal, still a few erythro- 
cytes The blood pressure fell from 155-105 to 130-80 The blood count was 
normal, the Wassermann, negative 


Admission 

Discharge 


Phenolsulphone 

phthalein 

41 

60 


Blood Plasma 
Urea N Chlorids Plasma COs 
52 6 5 61 

10 59 60 


The patient was kept on a salt-free, low protein diet, with limited fluid intake 
He was discharged free of edema, having lost 40 pounds 

Case 3 — Early Chrome Glomerulonephi vhs 

J J McF , man, aged 24, was admitted Dec 28, 1916, because of weakness, 
headache, and lumbar pain 

The patient had had typhoid at 12, pneumonia at 14, was subject to colds 
and sore throat and had a chronic cold A year before admission he had a 
sudden attack of edema of the face, later of legs and hands He was admitted 
to a hospital with blood pressure of 220 and kept in the hospital four months 
His urine had since continued to show evidences of nephritis Eight weeks 
before admission here, following a chilling, he developed headache, chills and 
lumbar pains These persisted or increased until admission He had formerly 
been a heavy drinker, teeth very poor, with much pyorrhea Enlarged post 
cervical glands, heart slightly enlarged, sounds normal The urine was 100 
to 200 c c in amount , specific gravity from 1 015 to 1 018 , albumin, from a 
cloud to a trace, casts, hyaline and granular, sometimes many, sometimes very 
few The blood pressure ranged from 145-90 to 135-80 The blood showed 
a slight anemia, Wassermann negative 

Case 4 — Advanced Glomerulonephiitts 

G P, man, aged 49, was admitted Oct 11, 1916, for headache and lumbar 
pain 

The patient had had no previous illnesses, had always been a heavy eater 
of meat, had taken four or five glasses of beer daily, a heavy tea drinker and 
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moderate user of tobacco The symptoms began about seven months before 
admission as attacks of severe pain in the back of the neck, followed by head- 
ache and vertigo, frequently dull lumbar pain, slight puffiness about the eyes 

On admission the patient was pallid, had enlarged posterior cervical lymph 
nodes , heart slightly enlarged , slight aortic systolic murmur , greatly accentu- 
ated second aortic sound The urine was normal in amount, specific gravity 
from 1010 to 1012, albumin, a cloud, occasional granular casts, increased leu- 
kocytes The blood pressure was 210-145 The blood count showed a moderate 
anemia The eyegrounds showed sclerotic vessels, a small hemorrhage, areas 
of fatty degeneration, but not typical albuminuiic retinitis 

Case S — Advanced Glomerulonephritis 

J G , woman, aged 35 , was admitted Nov 14, 1916, for dyspnea , discharged 
Dec 27, 1916, not improved 

The patient had had measles, mumps and whooping cough in childhood 
Four years before admission she was delivered of a 7 months’ dead child fol- 
lowing a threatened eclampsia with impaired vision, thereafter, subject to 
severe headaches, sometimes with vomiting She had a light case of scarlet 
fever two years before admission Two months before admission she noticed 
dyspnea worse at night, progressive impairment of vision and slight edema 
of the feet 

On admission the heart was enlarged, systolic mitral murmur, accentuated 
second sound, slightly enlarged liver, little or no edma The urine was normal 
in amount, specific gravity from 1010 to 1012, albumin, a heavy cloud, no 
casts, a slight increase of leukocytes The blood pressure ranged from 
230-170 to 140-90 The blood showed a moderate anemia, the Wassermann 
was negative The eyegrounds showed sclerosis, hemorrhages, exudates and 
blurring of the margins of the disks She was kept on a low protein, salt-free 
diet with 3 gm each of sodium citrate and sodium bicarbonate per day 


Date 

Phenolsulphone- 

phthalein 
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Plasma 

Chlorids 

Plasma COi 

11/15 

0 

125 

61 

36 

11/24 

— 

145 

55 

44 

12/ 1 , 

— 

148 

54 

53 

12/20 

— 

127 

49 

53 


Dec 20, 1917, she had two convulsions, following which 20 ounces of blood 
were removed, the functional study of which date was made twelve hours later 

Case 6 — Advanced Glomerulonephritis Terminal Infection 

W M , woman, aged 38 , was admitted six days before death for uncon- 
sciousness and convulsions 

The patient had had smallpox at 6, for twenty years she had had lumbar 
pain, worse the last six years, had been a free drinker of beer Two years 
previously she had had diphtheria Five months prior to admission she had 
had a supravaginal hysterectomy for carcinoma of the fundus, followed by 
radium treatments For a few days before admission the patient had noticed 
progressive oliguria During the twelve hours before admission she was uncon- 
scious, with three convulsions The heart was slightly enlarged, a mitral 
systolic murmur was present There was almost complete anuria, 10 cc of 
urine obtained by catheter was bloody and contained a light cloud of albumin, 
no casts, many erythrocytes, and was loaded with leukocytes The blood pres- 
sure ranged from 160-100 to 135-90 The blood showed a slight anemia, a 
leukocytosis of 23,000 with 91 per cent polymorphonuclear neutrophils, Was- 
sermann negative Lumbar puncture gave normal fluid She had a tempera- 
ture of 104 F a few hours before admission, falling then below normal, to 
rise m the last twelve hours to 102 She had repeated convulsions until death 
ensued, with pulmonarj'' edema Necropsy was refused 
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Blood Urea N Plasma Chlonds Plasma CO: 
Five days before death 185 4 6 48 

Tins study was made twelve hours after a venesection of 300 c c , with 
introduction of 240 cc of physiologic sodium chlorid solution 

Case 7 — Chrome Glome) uloueph} tits 

M W, woman, aged 28, colored, admitted two months before death com- 
plaining of vomiting, pain m the stomach and headache 

The patient had had measles as a child, frequent attacks of indigestion, with 
distention Four years before she had Had rheumatic fever For three years 
she had had pain and tenderness in the left liypochondrium, worse after eat- 
ing, later, vomiting became associated with these attacks Severe headaches 
were frequent and associated with vertigo and weakness 

On admission the tonsils were found to be enlarged, the heart enlarged 
to both right and left, especially the latter, with accentuated second aortic 

sound The urine was normal in amount During the first two weeks the 

specific gravity ranged from 1005 to 1033, subsequently it remained from 

1 009 to 1 013 Albumin was present in traces or moderate clouds Casts were 

sometimes absent, sometimes occasional hyaline or granular casts were seen 
Five weeks before death she had an attack of severe left-sided abdominal pain, 
with nausea, the left kidney became palpable and cystoscopic examination 
revealed only a little bloody urine coming from the left ureter The blood 
pressure ranged from 260-175 to 200-125 until three days before her death, 
when it fell to 190-120 The phenolsulphonephthalem excretion sixty days 
before death was 45 per cent for two hours, forty-six days before death, 10 
per cent , twenty-one days before death, 10 per cent , sixteen days before 
death, 5 per cent Forty days before death there was no elimination of indigo- 
carmin in thirty minutes The eyegrounds two months before death showed 
extensive arteriosclerosis of the retinal vessels, with numerous exudates about 
the posterior pole Two weeks later the eyegrounds showed fresh exudates 
The blood count, normal two months before death, fell to 30 per cent of 
hemoglobin and 2,200,000 red blood cells two weeks before death During 
the last week the patient was stuporous and vomited persistently The lobar 
pneumonia found at necropsy ivas unrecognized during life and gave no rise 
of temperature and no notable increase in the already pronounced dyspnea 
For the last month considerable edema of the legs was present and also hydro- 
thorax, hydropencardium and ascites The Wassermann was negative 

At necropsy there was found lobar pneumonia of the right lower lobe, 
hydrothorax, hydropencardium, ascites, a healed tuberculous lesion at the left 
apex, caseous bronchial lymph nodes, cloudy swelling and fatty degeneration 
of the liver The kidneys were about normal in size, pale, with C3'sts In the 
lower pole of the left kidney was a large hemorrhagic infarct showing at its 
edges beginning organization, this was doubtless the cause of the pain and 
hematuria five weeks before death 

Histologically an occasional glomerulus was fibrous and obliterated, but 
almost all showed little change, there was slight cellular proliferation in the 
tufts The tubules were for the most part somewhat dilated, with flattening 
of the epithelium and some granular degeneration There was rather marked 
diffuse increase of the interstitial fibrous tissue throughout the cortex, and, 
to a much less marked degree, m the medulla The smaller vessels showed 
thickened walls Throughout there was moderate congestion 

Case 8 — Artej losclerosis md Chrome Glomerulonephntts 

A C, woman, aged 61, was admitted fifteen days before death because of 
headache 

There was a previous history of discharging ears for some j^ears and fre- 
quent attacks of severe headache Six weeks before death the patient became 
suddenly unconscious, recovered in a few days but remained confused, weak, 
with severe headache, defective vision, palpitation and polyuria 
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On admission there was slight edema of the ankles, the heart was enlarged 
both to the right and left, with mitral and aortic systolic murmurs The urine 
was abundant, specific gravity from 1005 to 1010, albumin, a cloud, casts 
varying from none to many granular The blood pressure ranged from 
240-150 to 150-100 shortly before death The phenolsulphonephthalein excretion 
twelve days before death was 10 per cent for two hours Both eyegrounds 
showed an albuminuric retinitis with exudates, hemorrhages and sclerosis 
Death occurred in coma 

The kidneys histologically showed almost half their glomeruli obliterated 
by fibrosis, the remainder exhibited marked cellular proliferation and round 
cell infiltration, the remaining tubules showed slight granular degeneration and 
the lumina contained a little precipitated albumin There was marked fibrosis 
of the medulla The vessels had greatly thickened, sclerotic walls 

Case 9 — Chrome Glomerulonephritis 

J W C, man, aged 46, a typesetter, exposed to lead, admitted eighteen 
days before death for weakness and a tendency to tire quickly 

No infections in childhood were recalled He began work as a typesetter 
at 16 Since the age of 21 he had been subject to occasional epileptiform 
attacks, more frequent recently At 39 he had an attack of acute articular 
rheumatism lasting three months , had slight indigestion for several years A 
month before death he noticed that he tired easily and his legs felt heavy 

On admission he was observed to be a pallid, slightly sclerotic individual, 
heart moderately enlarged, with mitral and aortic systolic murmurs, the liver 
a trifle enlarged The urine was normal in volume, specific gravity per- 
sistently 1 012 , albumin, a moderate cloud , abundant hyaline, granular and 
epithelial casts The blood pressure ranged from 160-95 to 140-85 The eye- 
grounds were normal The Wassermann was negative The blood showed 
hemoglobin 40 per cent , red blood cells, 3,000,000, no signs of basic degen- 
eration No lead line was present, nor was there any neuritis A terminal 
pericarditis and pleuritis developed and he succumbed, with pulmonary edema 

Only partial necropsy was permitted The kidneys were pale, granular and 
contracted Histologically the glomeruli exhibited all stages of destruction by 
fibrosis and hyalinization of the tufts A few were completely obliterated All 
showed destruction of one or more capillary loops The capsules were thick- 
ened All of the tubules were more or less encroached on by interstitial hyper- 
plasia The tubular epithelium exhibited flattening and atrophy and a mod- 
erate granular degeneration and the lumina of many were dilated and contained 
albumin and casts In one area the capsular spaces of four glomeruli and the 
lumina of the associated tubules were filled with blood The medulla showed 
extensive fibrosis, with distortion of the tubules Vascular sclerosis was slight 

Case 10 — Advanced Chronic Glomerulonephritis 

F K, man, aged 34, a paper hanger, admitted three weeks before death 
for weakness and vomiting 

The patient had had the more trivial infections of childhood , repeated attacks 
of quinsy, had had a chronic suppurative otitis media for twenty-five years, 
gonorrhea at 19 A year before death the patient began to have attacks of 
headache, with vomiting, at times with abdominal pam and cramps in his legs 
Seven weeks before death he began to suffer with dyspnea, cough and a sense 
of smothering 

On admission he was pallid, moderately sclerotic, teeth in very bad condi- 
tion , heart enlarged both right and left, with a mitral regurgitant murmur and 
accentuated second sounds The Wassermann was negative There was a 
slight anemia The urine was of normal volume , specific gravity from I 00 ^ 
to 1011, albumin from a trace to a moderate cloud, casts, sometimes rnanj' 
hyaline and granular, sometimes none The blood pressure, 178-115, fell before 
death to 120-85 The phenolsulphonephthalein, two weeks before death, was 
only a trace The blood urea nitrogen, ten days before death, was 195 mg 
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per 100 c c , the plasma chlonds from 5 5 to 56 gm per liter , the plasma 
bicarbonate, 36 volumes per cent 

Only partial necropsj’' was permitted The kidneys were small, granular 
and contracted Histologically about half to two thirds of the glomeruli were 
wholly fibrous and obliterated and these appeared to be grouped in certain 
areas Here the tubules were collapsed, atrophic and almost obliterated by 
the interstitial hyperplasia and round cell infiltration In other areas the 
glomeruli showed no fibrous h 5 'alinization or thickening of the capsules, but did 
exhibit a cellular proliferation in the tufts In these areas the tubules were 
more nearly normal and showed only a slight granular degeneration of the 
epithelium, with albumin and casts in the lumma The medulla showed a rather 
cellular interstitial hyperplasia of moderate grade The vessels exhibited a 
marked sclerosis The glomerulonephritis was apparently very advanced in 
certain areas, while in intermediate zones it appeared to be comparatively early 

Case 11 — Advanced CJnomc Glowerulonephntis 

W L, man, aged 28, was admitted five weeks before death because of 
vomiting, headache and impaired vision 

The patient had had chickenpox in childhood, five years before death he 
had had gonorrhea, about the same time he had had sudden attacks of lumbar 
pam and was told at that time that he had Bright’s disease Two months 
before admission he began to have attacks of vomiting associated with severe 
frontal headache A month later his vision became seriously impaired 

On admission he was pallid, had a slight adenopathy, beaded, sclerotic 
arteries, tonsils enlarged and the right tonsil ulcerated and infected with the 
characteristic organisms of Vincent’s angina , the heart was enlarged to the right 
and left, with short, inconspicuous systolic and diastolic murmurs at both apex 
and base The urine varied in amount from 800 to 2,000 c c , the specific 
gravity fixed from 1011 to 1013, albumin, about 2 5 gm per liter (Esbach) , 
many hyaline, light and dark granular casts, leukocytes somewhat in excess 
of normal, a few doubly refractile lipoids The blood pressure ranged from 
215-130 on admission to 150-90 the day before his death The phenolsulphone- 
phthalein excretion on admission was 9 per cent for two hours The total 
nonprotein blood nitrogen was from 118 to 108 mg per 100 cc soon after 
admission, and 200 mg tliree weeks before death The eyegrounds on admis- 
sion showed a neuroretinitis, with marked exudates and flame-shaped hemor- 
rhages The blood count was persistently about 60 per cent of hemoglobin, 
red blood cells, 2,700,000 The Wassermann was negative Three weeks before 
death dyspnea became intense and edema of the legs and enlargement of the 
liver developed A week before death a pericardial friction appeared He suc- 
cumbed from circulatory weakness 

At necropsy the heart was hypertrophied, the aortic valves sclerotic, bilat- 
eral hydrothorax, passive congestion of all the viscera, with some fibrosis 
The kidneys were small, pale, capsule adherent, surface finely granular and 
studded with several small cysts Histologically three fourths of the glomeruli 
were wholly fibrous and obliterated, the remainder showed marked cellular 
proliferation in the tufts and some thickening of the capsules The tubules 
around the obliterated glomeruli were collapsed, with atrophied epithelium, and 
were almost obliterated by the marked cellular interstitial hyperplasia and round 
cell infiltration The tubules near the intact glomeruli were somewhat dis- 
tended and showed a moderate granular degeneration and some flattening of 
their epithelium, their lumina contained precipitated albumin The medulla 
showed a marked cellular interstitial proliferation and considerable congestion 
There was marked thickening of the vessel walls 

Case 12 — Chronic Diffuse Nephritis 

E M , woman, aged 42, was admitted Nov 1, 1916, for backache, impaired 
vision, edema of the face and legs, discharged Nov 13, 1916, improved 
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The patient had had measles and diphtheria in childhood, pneumonia at 35 
During her third pregnancy, March to December, 1914, the patient suffered 
from pain in the lumbar region, and after delivery vision was impaired and she 
fatigued readily During her fourth pregnancy, October, 1915, to June, 1916, 
she had albuminuria, edema of the feet and one convulsion, after delivery a 
second convulsion, edema of the feet and face and severe headaches, subject to 
colds and coughs 

On admission the heart was enlarged, second sound accentuated, slight 
edema of the legs The urine was normal in amount, specific gravity from 
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1013 to 1015, albumin, a cloud, a few hyaline casts, many leukocytes The 
blood pressure ranged from 210-130 to 200-125 The blood count was normal, 
the Wassermann was negative 


Case 13 — Chronic Diffuse Nephritis 

R C, girl, aged 15, was admitted June 21, 1916, for anasarca, discharged 


Sept 30, 1916, slightly improved 

The patient had had measles and whooping cough in childhood Five 
before admission she noticed edema of the feet associated with headache, black 
spots before the eyes, vomiting, all of gradual onset There was genera 
anasarca with involvement of the face , very pallid , tonsils enlarged and ce^jcai 
lymph nodes palpable, heart normal in size, sounds, fair, no murmurs, bi a - 
eral hydrothorax and ascites The urine ranged from 500 to 1,200 c c in amount, 
specific grayity, from 1 010 to 1 017, albumin, a heaiy cloud, loaded with hyaline, 
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light and dark granular^^ epithelial and fatty casts , many leukocytes , abundant, 
doubly refractile hpoids, free, on casts and in compound granule cells and very 
large The blood pressure ranged from 140-90 to 125-85 The phenol sulphone- 
phthalein excretion varied from 33 to SO per cent in two hours after intra- 
venous injection The blood urea nitrogen was from 17 to 23 mg per 100 
cc The plasma chlorids 62 gm per liter after two months on a salt-free low 
protein diet, the calculated threshold, 60S gm The blood showed a moderate 
anemia and a persistent, slight leukocytosis of about 13,000 to 20,000 The eye- 
grounds show the disk anemic; kinking of the arteries and compression of the 
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underlying veins, which were unduly full, pigmentation, doubtful evidence of 
old hemorrhages The Wassermann was negative 

The patient died in another hospital Feb 12, 1917, with cardiac symptoms, 
the death being from cardiac failure Just before death the urine, blood and 
blood pressure were substantially those given There was no necropsy 
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Case 14 — Chrome Diffuse Nephritis 

M O , woman, aged 24 , admitted March, 191S, seventeen months before 
death, for pain m the lower abdomen, vomiting and weakness 

No previous illnesses The patient had had occasional abdominal pain since 
a kick m her left side two 3 Tars before admission Vomiting and weakness 
developed just before admission The urine was normal m amount, specific 
gravity from 1 012 to 1 021 , albumin, a heavy cloud , casts, none at times, at 
others abundant hyaline and light granular casts The blood pressure ranged 
from 170-80 to 145-75, the phenolsulphonephthalem from 12 to 20 per cent for 
two hours , the total nonprotein blood nitrogen from 74 to 78 mg per 100 c c 
The eyegrounds and blood count were normal In November, 1915, in addition 
she developed edema of the face, headaches, vertigo and occasional diarrhea 
The breath became urinous The patient seemed somewhat stuporous A mod- 
erate anemia was present The urinary specific gravity was persistently 1 011 
to 1 012 , casts were always abundant The blood pressure ranged from 155-95 
to 118-60, the phenolsulphonephthalem excretion from 8 to 22 per cent for 
two hours, the total nonprotein blood nitrogen was 67 mg per 100 cc After 
a period of amelioration a return of symptoms with excessive vomiting and 
headache developed in July, 1916, a week before her death The urinary out- 
put was diminished , the specific gravity from 1 010 to 1 012 , albumin and casts 
as before The blood pressure was 150-95, the phenolsulphonephthalem excre- 
tion, zero Anemia was marked , hemoglobin, 45 per cent , red blood cells, 
2,750,000 The patient died comatose 

Only partial necropsy was permitted The kidneys were small, granular, 
with adherent capsules Histologically about one fourth of the glomeruli were 
completely obliterated, of the remainder all showed a little intracapiUary pro- 
liferation and in some, hyahnization of one or more loops had taken place, 
the capsules were all more or less thickened The tubules were greatly dis- 
torted by the marked cortical fibrosis and interstitial round cell infiltration In 
many of the tubules the epithelium was flattened and atrophic In the remain- 
ing tubules the epithelium showed marked fatty, granular degeneration The 
medulla showed marked interstitial hyperplasia and the tubules for the most 
part contained casts The vessels showed considerable sclerosis 
Case 15 — Chrome Diffuse Nephritis 

S G, woman, Jewess, aged 20, was first admitted 1913, eighteen months 
before her death, for swelling of the ankles and face, dyspnea, cough and 
vertigo 

She had had measles, diphtheria and pneumonia as a child Beginning in 
1909 she had had asthmatic attacks in damp weather In January, 1912, at 
the age of 17, when five months pregnant with her only child, she noticed 
swelling of her ankles, black spots before her eyes and dizziness Following a 
normal labor in May, 1912, these symptoms subsided, to return in a few months 
with, in addition, puffiness of the face and headaches 

When first seen, July, 1913, the urine showed a specific gravity of from 
1011 to 1120, albumin 2 to 3 3 gm per liter (Esbach) , occasional hyaline 
and granular casts The blood pressure was 165-105 on admission, falling 
after rest and treatment to 128-85 There was a slight anemia The eyeground' 
were normal The phenolsulphonephthalem test gave an output of 22 per cent 
in two hours and a month later of IS per cent In November, 1913, the heart 
was found somewhat enlarged to the left, paresthesias in the legs had devel- 
oped Hyaline and granular casts were abundant in the urine The phenol- 
sulphonephthalein excretion had fallen to 10 per cent in two hours The 
ej'egrounds were still normal Two months later she developed a broncho- 
pneumonia which altered the picture but little except for a temporary depres- 
sion of the blood pressure to 100-50 and a more marked anemia, hemoglobin, 
57 per cent , red blood corpuscles. 3,200,000 

In December, 1914, five weeks before her death, she was admitted again 
with sjTnptoms unchanged The blood pressure was 145-110 The urine showed 
albumin as before, the specific gravity ranged from 1009 to 1020, the urine 
was noiv loaded ivith hvalme and granular casts, contained many leukocytes 
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and many double refractile lipoids The phenolsulphonephthalein elimination 
was 5 per cent in two hours , the total nonprotein nitrogen, 81 mg per 100 c c 
The anemia was progressing rapidly and three weeks before death the hemo- 
globin was 33 per cent , the red blood corpuscles, 2,160,000 Vomiting now 
became frequent and the urinary output diminished As a last resort decap- 
sulation of the kidneys was performed, January 21 The patient died two days 
later The Wassermann was negative 

Necropsy was refused, but it was permitted to remove the kidneys through 
the operative incision They were small, pale reddish, with moderately adherent 
capsule, granular surface and numerous small cysts Histologically the glomeruli 
were extensively diseased, being partially fibrous and extensively infiltrated 
with amyloid, the capsules were for the most part thickened, probably two 
thirds of the glomeruli were wholly obliterated Many of the tubules, espe- 
cially about the obliterated glomeruli, were collapsed, with atrophied epithelium 
and surrounded by hyperplastic connective tissue and round cell infiltration 
The tubules about the glomeruli that were still partially intact showed exten- 
sive degeneration and often complete desquamation of the epithelium, and 
around the basement membranes of many was a moderate amount of amyloid 
infiltration Most of these tubules contained casts Throughout the cortex 
there was considerable interstitial fibrous tissue A few of the tubules were 
distended with blood and others with leukocytes The medulla exhibited a 
marked hyperplasia of the interstitial tissue, with compression of the tubules 
The larger vessels showed a considerable degree of sclerosis 

Case 16 — Arteriosclerosis, Cardiac Decompensation 

J F, man, aged 57, was admitted three weeks before death for weakness, 
dyspnea and dryness of the mouth and throat 

This was a case of arteriosclerosis with cardiac decompensation The urine 
amounted to from 300 to 1,200 c c , specific gravity, from 1 020 to 1 021 , 
albumin, a trace to a cloud, many hyaline and granular casts The blood 
pressure, 180-130, falling to 165-110 two days before death The blood count 
was normal, the Wassermann negative The phenolsulphonephthalein excre- 
tion on admission was IS per cent in two hours 

At necropsy the kidneys were of normal size and color, the capsule stripped 
easily, leaving a slight granular surface Histologically the kidney was approxi- 
mately normal The medulla showed a moderate fibrosis Throughout there 
was a moderate passive congestion A few of the larger vessels showed 
thickened walls 

Case 17 — Artenoscleiosis, Cardiac Decompensation * 

H R, man, aged 69, ivas admitted nine days before death because of 
edema and dyspnea 

The patient had, had measles and scarlet fever in childhood, chancre in 
youth Five years before death he developed discharging sinuses about his 
ankles, which remained open for two years Eight months before death he 
began to show edema of the face m the morning, and later, of the legs and 
scrotum Three days before admission he developed dyspnea, rapidly increas- 
ing edema and oliguria 

On admission the heart was enlarged, sounds feeble, with a mitral systolic 
murmur A general anasarca was present The urine was diminished m 
volume , specific gravity, from 1 018 to 1 025 , albumin, a trace , at times a 
few hyaline and granular casts, at others, none The blood pressure ranged 
from 105-75 to 98-75 The blood urea nitrogen was 30 mg per 100 c c , the 
plasma chlorids, 5 9 gm per liter, the plasma bicarbonates, 72 volumes per 
cent The Wassermann was slightly positive He developed a terminal pneu- 
monia five days before death, with a slight transient rise of temperature to 
101 3 F , and a leukocytosis of 18,000, of which 93 per cent were polymorpho- 
nuclear neutrophils 
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Only partial necropsy -was permitted The kidneys \\ere of almost normal 
size (135 gm ) , the capsule was slightly adherent, the surface was red and 
finely granular Histologically there was pronounced congestion of the glomer- 
ular tufts and of the cervical and medullary vessels Precipitated albumin 
was present in the capsular spaces and lumina of the tubules Otherwise the 
glomeruli and tubules were approximately normal The tubules exhibited a 
slight granular degeneration The vessels were but little sclerosed and there 
was no hyperplasia of the interstitial tissue 

Case 18 — Arteriosclerosis, Cardiac Decompensation 

E S , man, aged 68, was admitted five weeks before death for dyspnea and 
edema of the legs 

He had typhoid in boyhood, scarlet fever at 19 and his kidneys were said 
to have been affected for some time afterward For three years before death 
he had moderate edema of the legs , later, with dyspnea and weakness Six 
weeks before admission there was a brief attack of unconsciousness 

He was admitted with enlarged heart, poor cardiac sounds, congestion of the 
lungs and liver and anasarca The urine was fair m quantity, specific gravity, 
from 1 020 to 1 025 , albumin, a cloud , casts, at times abundant, hyaline and 
granular, at other times, none The blood pressure was from 150-95 to 130-90 
The phenolsulphonephthalein excretion on admission was 13 per cent in two 
hours At the same time the total nonprotein blood nitrogen was 48 mg per 
100 cc There was a slight anemia The patient was 3 aundiced the last two 
days of his life Death was from cardiac failure At necropsy there was 
found marked arteriosclerosis involving especially the coronaries , cardiac hyper- 
trophy and dilatation , recent infarcts in the lung and old infarcts in the kidneys 
The kidneys were normal in size, hard, dark red, the capsule, slightly adherent, 
the surface, coarsely granular, one or two small cysts and old infarcts 
Histologically there was throughout intense passive congestion An occasional 
glomerulus was fibrosed but the great majority were normal except for the 
congestion The tubules exhibited some granular degeneration of the epi- 
thelium and albuminous precipitate and sometimes a few erythrocytes in the 
lumina The medulla showed little fibrosis The vessels were moderately 
sclerotic 

Case 19 — Arteno sclerosis, Cerebral Hemorrhage 

D E, man, aged 54, colored, admitted six days before death because of 
hemiplegia 

This was a case of cerebral hemorrhage occurring the day of admission in 
an arteriosclerotic with strongly positive Wassermann The urine was of nor- 
mal quantity , specific gravity, 1 021 , a cloud of albumin , abundant hyaline, 
granular and epithelial casts The blood pressure was 220-160 on admission, 
falling after venesection to 145-95 The total nonprotein blood nitrogen on 
admission was 35 mg per 100 cc , the phenolsulphonephthalein excretion two 
days later was 30 per cent in two hours At necropsy the kidneys were rather 
small and pale, the capsule stripped with difficulty, leaving a surface almost 
smooth Histologically the kidney was almost normal Occasionally a fibrosed 
glomerulus was seen, but the great majority were normal A few showed a 
slight thickening of the capsule The tubules were in good condition , in a few 
there was a little albuminous precipitate Some of the larger vessels showed 
marked sclerotic thickening 

Case 20 — Arteriosclerotic Hypertension with Caidiac Decompensation 
Luetic 

C S , man, aged 38, was admitted Oct 9, 1916, for dj'spnea, weakness and 
cough, discharged Oct 25, 1916, improved 

A case with strongly positive Wassermann , hypertension , very slight cardiac 
enlargement, chronic myocarditis and decompensation with slight enlargement 
of the liver and edema of the legs, blood count normal, the urine normal in 
amount, specific gravity, from 1017 to 1021, albumin a faint trace, a moderate 
number of Inalmc and granular casts, pus The blood pressure vas 170-110 
to 195-125 
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Case 21 — Aiietiosclcrosis, Cardiac Decompensation, Luetic 
R W , man, aged 40 , was admitted Sept 28, 1916, for edema of the trunk 
and legs, dyspnea and oliguria, discharged Nov 5, 1916, improved 

The patient had measles, whooping cough and chickenpox in childhood, 
two attacks of appendicitis, unoperated, syphilis and gonorrhea at 28, the for- 
mer treated for four j'^ears, used whisky to excess Seven years before 
admission he began to have attacks of general stiffness, edema of the legs 
and oliguria, later he became dyspneic on exertion, these attacks had gradually 
increased in frequency and severity On admission he exhibited intense edema 
of trunks and legs, pyorrhea alveolaris, congestion of the bases of the lungs, 
enlarged heart, initial systolic murmur and accentuated second pulmonic sound, 
palpable, tender liver The unne was diminished in quantity, specific gravity, 
from 1021 to 1025, albumin, a cloud Sometimes many hyaline, granular and 
occasionally epithelial casts, sometimes none The blood pressure ranged from 
135-75 to 195-100, the increase associated with clinical improvement The blood 
count showed a slight anemia, the Wassermann was negative, eyegrounds were 
normal except for a slight indentation of the veins 


Date 

9/29 

11/2 


Phenolsulphone- Blood 
phthalein Urea N 

20 35 

17 


Plasma 

Chlorids 

59 

58 


Plasma CO 2 
46 
53 


The patient on a mixed, salt-free, low protein diet, with cardiac stimulation 
and fluid intake limited to 500 cc daily, did poorly The oliguria persisted 
and the edema increased About October 12 he developed diarrhea and mild 
jaundice He was then placed on a milk diet (1,000 cc daily) and medication 
withdrawn The diarrhea and jaundice promptly subsided, the urinary output 
rose to 3,600 c c , specific gravity, from 1 007 to 1 012, and the edema subsided 
with a loss of weight of 24 pounds in ten days Shortly afterward the second 
functional studies were made 

Case 22 — Arteriosclerosis, Caidiac Decompensation, Emphysema 
H J B, man, aged 54, was admitted March 23, 1917, for edema of the legs 
and dyspnea, discharged April 20, 1917, with compensation almost restored 
The urine was normal in amount , specific gravity, from 1 008 to 1 012 , 
albumin, a cloud, casts abundant, hyaline, granular and a few leukocytic, later, 
after restoration of compensation, no casts The blood pressure was about 
175-110 The blood count was normal, Wassermann negative 


Date 

3/26 

4/2 

4/20 


Phenolsulphone- Blood 
phthalein Urea N 
27 23 

29 23 

35 9 


Plasma 

Chlorids Plasma CO: 

60 

57 56 

5 5 61 


The patient was kept on a low protein diet, fluid restricted to from 100 to 
1,500 cc , strychnin, digitalis and sodium phosphate were given 
Case 23 — Arteriosclerosis, Cardiac Decompensation 

M M , woman, aged 57, was admitted Sept 12, 1916, because of cough, 
dyspnea and edema of the back, legs and face , discharged Oct 14, 1916, improved 
The patient had had measles and chickenpox in childhood, and was subject 
to occasional “sore throats” For a year she had had a troublesome cough, 
dyspnea on exertion, an increased edema of the legs, back and face All the 
symptoms increased just before admission On admission she presented, in 
addition, congestion of the pulmonary bases and enlarged heart, with initial 
systolic murmur and total arrhythmia (auricular fibrillation) The unne was 
normal in amount , specific gravity, from 1 005 to 1 010 , albumin, a faint trace , 
no casts The blood pressure ranged from 145-100 to 100-70 The phenol- 
sulphonephthalein given intravenously was excreted to 60 per cent in two 
hours (Sept 17, 1916) The blood count was normal, the Wassermann nega- 
tive, blood analyses were made Oct 7, 1916 
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The patient was discharged with edema and dyspnea diminished but not 
gone, auricular fibrillation persisting She was kept on a salt-free, low protein 
diet, with limited fluid intake 

Case 24 — Carcinoma of the Stomach, Cardiac Decompensation 
P H , man, aged 54 , was admitted Sept 20, 1916, for pain in the epigastrium , 
discharged Oct 10, 1916, unimproved 

This was a case of inoperable carcinoma of the stomach with little or no 
pyloric obstruction There had been pain of four months’ duration and dyspnea, 
weakness and edema of the legs for the same period, anemia was severe, Was- 
sermann negative , urine normal in amount , specific gravity, from 1 012 to 1 017 , 
albumin, a trace, many hyaline, granular and leukocytic casts The blood 
pressure was 123-65 Eyegrounds normal, except for pallor 

Case 25 — Arteriosclerosis, Chronic Nephritis, Cardiac Decompensation 
S P, man, aged 50, was admitted June 19, 1916, for headache and edema 
of the feet, discharged July 17, 1916, readmitted Dec 5, 1916, discharged 
March 16, 1917, improved 

The patient had had acute articular rheumatism at 15 and at 40 Since 
October, 1915, he had been more or less constantly in hospitals for edema 
of his legs, dyspnea and occasional attacks of vomiting In April, 1916, he 
had pneumonia On admission, considerable edema of the legs, heart slightly 
enlarged, vessels sclerotic The urine was normal in amount, specific gravity, 
from 1 012 to 1 022 , albumin, a heavy cloud , casts, sometimes none, sometimes 
many hyaline and granular The blood pressure ranged from 240-130 to 205-110 
The blood showed a slight to moderate anemia, Wassermann negative The 
eyegrounds on June 20, 1916, showed sclerosis and hemorrhages, but no exudate 
or neuritis, on Dec 8, 1916, in addition, the disk margins were hazy and a few 


exudates were seen 

Phenolsulphone- 

Blood 

Plasma 


Date 

phthalein 

Urea N 

Chlorids 

Plasma CO, 

6/21/16 

30 

26 

58 

63 

12/ 6/16 

18 

52 

63 

52 

2/12/17 

16 





Case 26 — Arteriosclerosis, Chronic Nephritis, Cerebral Hemorrhage 
J M B , man, aged 45 , colored , admitted four days before death because 
of sudden loss of consciousness 

The patient had been subject to headaches and under treatment for Bright’s 
disease for some time He suddenly fell unconscious on the day of admission, 
exhibited a right-sided hemiplegia, Cheyne-Stokes respiration, heart enlarged 
to right and left, mitral systolic murmur, marked edema of legs The urine 
was fair in quantity , specific gravity, 1 007 , albumin, a heavy cloud , many 
hj aline, light and dark granular casts The blood pressure ranged from 
260-135 to 235-130 except after venesection, when it fell to 190-120 The blood 
urea nitrogen was 58 mg per 100 c c , the plasma chlorids, 5 5 gm per liter , 
the plasma bicarbonates, 61 volumes per cent The blood showed a slight 
anemia, a leukocytosis of 15,000 with 86 per cent polymorphonuclear neutro- 
phils The Wassermann was negative 

At necropsy there was left sided cerebral hemorrhage , a terminal, very recent 
pneumonia The kidneys were small, red, and granular Histologically there 
was marked congestion throughout None of the glomeruli were obliterated 
but most showed moderate cellular proliferation in the tufts and a few, hyalin- 
ization of some of the loops, in a few there was a slight thickening of the 
capsule The tubules appeared somewhat dilated, with fairly preserved epi- 
thelium, in the lumina of many were found albuminous precipitate and casts 
The interstitial tissue in both cortex and medulla was considerably increased 
The vessel walls were thickened 

Case 27 — Arteriosclerosis, Chronic Nephritis 

G M, woman, aged 50, was first admitted two years before death for 
general weakness, pains in the legs, edema of the feet and headache 
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The patient had had measles, pertussis and chickenpox m childhood , malaria 
for three jears at 20, at 25, an acute arthritis of the right knee and transient 
disturbance of vision, two years later, appendicitis, operated on; pneumonia 
at 41 and 44 Soon after this she was injured in a trolley accident, three 
ribs were broken and repeated small hemorrhages from the bowels occurred 
For a year before admission she had cramplike pains in the legs and general 
weakness, slight edema of the feet and puffiness of the face in the morning, 
morning headaches, dyspnea on exertion, spots before the eyes and diplopia 
The urine was of normal quantity, specific gravity, from 1011 to 1017, albu- 
min, a trace to a cloud, casts, none or occasional granular casts The urine 
was the same two years later, just before death The blood pressure ranged 
from 180-110 to 265-160 until two days before death, when it fell to 160-90 
The phenolsulphonephthalein two years before death was 21 per cent The total 
nonprotein nitrogen a week before death was 72 mg per 100 cc The eye- 
grounds two years before death were normal, both eyes showed cataract 
The Wassermann was delayed negative A week before death the patient 
became suddenly confused, very weak, with intense headache, dizziness and 
twitching of the hands Respiration became Cheyne-Stokes in type and the 
circulation rapidly failed 

At necropsy there was marked arteriosclerosis and moderate cardiac hyper- 
trophy The kidneys were very small, red, with very slightly adherent capsule 
and coarsely granular surface Histologically, the kidney presented a patchy 
appearance In some areas the glomeruli were completely fibrosed and the 
neighboring tubules collapsed and practically obliterated by fibrous tissue and 
round cell infiltration In other areas the glomeruli exhibited moderate cellular 
proliferation in the tufts, a very little hyalinization of the loops and more or 
less thickening of the capsules The neighboring tubules showed for the most 
part greatly distended lumina, the epithelium was fairly well preserved A 
little albuminous precipitate was present in most of the lumina In these areas 
there was little interstitial hyperplasia The medulla exhibited marked fibrosis, 
with considerable distention of the lumina of the tubules The vessels showed 
intense, sclerosis 

Case 28 — Posttnfechous Myocarditis , Eatly Chrome Nephritis ' 

W W B, man, aged 36, was admitted Feb 27, 1917, for dyspnea, cough 
and insomnia, discharged April 8, 1917, improved 

The patient had had measles, mumps and whooping cough in childhood, 
typhoid fever at 24 For three months he had had slight dyspepsia, with 
occasional vomiting after eating Two months before admission he had an 
attack of grip This was followed in a few days by dyspnea, cough, sleep- 
lessness and palpitation on exertion The day before admission he noticed 
puffiness of his face The patient was pallid, lungs emphysematous, heart 
enlarged, with accentuated second sounds, and slight edema of legs and feet 
The urine was a low normal in quantity , specific gravity, from 1 013 to 1 027 , 
albumin, a trace to a cloud, casts, hyaline, sometimes many, sometimes none 
The blood pressure gradually rose from 140-87 to 180-125 The blood showed 
a slight anemia, the Wassermann was negative The eyegrounds showed some 
unevenness of the caliber of the vessels, otherwise normal While under 
observation the blood pressure rose, but the circulation and urine improved, 
the dyspnea and edema disappeared and the weight diminished 35 pounds 


Date 

Phenolsulphone- 

Blood 

Plasma 


phthalein 

Urea N 

Chlorids 

Plasma CO; 

2/28 

42 

IS 

59 

59 

3/21 

32 


4/ 2 

20 

55 

65 


The phenolsulphonephthalein on March 21 was estimated just at the end of a 
week out of the hospital when all the symptoms were exaggerated 
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Case 29 — Chionic NephriUs, Catdtac Decompensation 

F F , man, aged 35 , was admitted Nov 6, 1913, because of edema of legs, 
palpitation, dyspnea and scanty urine 

The patient had had diphtheria at 9, lead poisoning at 26, typhoid at 27, 
always subj ect to colds , had had psoriasis for several years , a moderate daily 
user of alcohol Two years before admission he acquired a severe cold on a 
fishing trip This was followed by edema of the face and legs, dyspnea, nausea 
and vomiting and oliguria, lasting a month The present attack was similar 
and also followed a fishing trip, it was characterized, in addition, by aching in 
the lumbar region and moderate diarrhea On admission he showed a trace 
of jaundice in the sclerae, marked edema of the legs, badly kept teeth, heart 
enlarged, a mitral and a basal systolic murmur The urine ranged from 1,500 
to 3,500 c c , specific gravity, from 1 011 to 1 023 , albumin, a trace to none , 
casts, from many hyaline and granular to an occasional hyaline The blood 
pressure ranged from 145-105 to 132-75 The phenolsulphonephthalein excre- 
tion was 50 per cent The patient lost his edema and 20 pounds in weight in 
two weeks He was readmitted Sept 18, 1916, with the same symptoms, also 
following a fishing party 

The blood showed a slight anemia, Wassermann negative The eyegrounds 
were normal The urine was from 300 to 1,800 cc, specific gravity from 
1 017 to 1 021 , albumin and casts as before , the blood pressure 160-85 to 135-65 


Date 

9/21 


Phenolsulphone- Blood 

pnthalein Urea N 
50 12 

60 19 


Plasma 

Chlonds Plasma CO 
60 35 

5 7 S3 


During three weeks in the hospital on a salt-free diet, with limited fluid 
intake, he lost the edema and dyspnea and dropped 30 pounds m weight A 
fall in the plasma chlonds is to be noted 

Case 30 — Heroin Habitue, Asthenia, Gastro-EnteiiUs 

L C , man, aged 20 , was admitted seven months before his death with 
diarrhea 

The patient had had no previous illness For at least five months before 
admission he had been a heroin habitue For one month he had had diarrhea, 
nausea, vomiting and intense weakness 

When first seen he had lost 30 pounds in weight, had sclerosed and beaded 
arteries, a liver slightly enlarged, at times slight edema of the feet The 
feces were often frothj’’, yellowish with much mucus and an abundance of 
fat, all the duodenal ferments were present The Wassermann was negative 
His blood pressure during the last six months gradually fell from 105-80 to 
95-60 His phenolsulphonephthalein output five dajs before death was 7 per 
cent for tw’O hours and his total nonprotein blood nitrogen 55 mg per 100 c c 
He exhibited a terminal poljnina (4,800 c c ) w'lth a specific gravity of 1 003 , 
albumin, none or a faint trace Six months before death he showed no casts, 
but during the last two wrecks hyaline and granular casts were found The 
blood w as normal , Wassermann, delayed negative He died with symptoms 
of collapse 

At necropsj' there was found fibrosis of the spleen and pancreas and hypo- 
plasia of the aorta heart, adrenals and pancreas 

The kidnej s w ere large, pale and flabby, with the capsule adherent at certain 
points The pyramids w'ere dark purple Histologically the glomeruli were 
normal The epithelial cells of the tubules, especially the proximal convoluted 
tubules showed marked fattj degeneration or infiltration, the majority appear- 
ing as “seal-ring” cells 
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THE RELATIONSHIP OF THE SO-CALLED IDIOPATHIC 
CARDIOPATHY TO EXOPHTHALMIC GOITER 

DOUGLAS SYMMERS, MD 

Professor of Pathology m the New York University and Bellevue Hospital 
Medical College, Assistant Director of Laboratories, Bellevue 
and Allied Hospitals 

NEW YORK 

Exophthalmic goiter is usually regarded as a disease dependent on 
increased or perverted secretion of the thyroid gland This conception 
is supported by several facts, among them, that partial removal of the 
enlarged thyroid not uncommonly serves to mitigate the seventy of 
symptoms, while the administration of thyroid extract intensifies those 
symptoms which are already present or brings out fresh disturbances 
of various sorts Confirmation is also to be had in the fact that the 
prolonged administration of thyroid extract to dogs and monkeys 
results in exophthalmos, increased rapidity of the pulse, changes in 
mtiogenous metabolism, loss of weight and sweating However true 
this may be, there are equally good reasons for the belief that altera- 
tions in the activity of the thyroid gland are not wholly responsible 
for the multiplicity of symptoms in exophthalmic goiter, but that other 
influences are active, such as disturbances in the sympathetic system 
and, possibly, in the lymphoid tissues, particularly the thymus gland, 
which, in a certain number of cases of exophthalmic goiter is persistent 
and apparently flourishing at an age when complete or partial involu- 
tion is to be expected 

The cardinal symptoms of exophthalmic goiter consist in exoph- 
thalmus, tachycardia, tremor and enlargement of the thyroid gland, and 
recognition of the fully developed picture is often accomplished at a 
glance At other times, however, the signs are less obvious and the 
diagnosis is correspondingly difficult In this connection the so-called 
thyroid cardiopathy assumes a place of importance There are two 
recognized clinical varieties first, a cardiopathy due to mechanical 
interference by the enlarged thyroid, and second, the thyrotoxic heart 
The first variety depends on projection of the enlarged thyroid through 
the upper aperture of the thorax, or on interference with the venous 
return from the head and neck, and thyroid intoxication, if it enter 
into the process at all, is sequential and not causative The thyrotoxic 
cardiopathy, on the contrary, is regarded as a direct lesult of dis- 
turbances in the thyroid secretion, and, according to some clinicians. 

Submitted for publication Nov 15, 1917 

*From the Department of Pathology of Bellevue and Allied Hospitals 
Director, Dr Charles Norris 
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the symptoms associated with it constitute an affection independent 
of exophthalmic goiter, while others look on them as manifestations 
of an incompletely developed Graves’ disease 

According to Kraus, His and others, the thyrotoxic heart gives rise 
to two groups of symptoms In one group the heart beat is increased 
in frequency, with or without subjective symptoms of palpitation 
The pulse varies between 90 and 120 beats to the minute The carotid 
pulse sometimes throbs visibly and the patient complains of shortness 
of breath Bilateral exophthalmos is seen, but is not common Uni- 
lateral exophthalmos is said to occur rather more frequently, and is 
associated with pressure of the enlarged thyroid on the corresponding 
sympathetic ganglion, the pupil is relatively fixed and dilated, and 
there are inequalities in' the temperature of the two sides of the neck 
A fine tremor of the fingers may be present In a second group of 
cases, in addition to the symptoms just enumerated, the heart shows 
signs of enlargement 

The cardiopathy of thyrotoxic origin is purely a clinical con- 
cept As far as I have been able to learn, the underlying anatomic 
changes in the heart and in the thyroid gland have never been deter- 
mined In this connection it is to be recalled that pathologic anatomists 
have long recognized the existence of a lesion characterized by massive 
enlargement of the heart occurring without valvular or pericardial, 
arterial, pulmonaiy or renal changes to account for it — the so-called 
idiopathic cardiopathy Six such cases have been encountered in the 
necropsy room at Bellevue Hospital, and all of them showed naked eye 
changes in the thyroid gland In five cases the thyroid was considei- 
ably enlarged, and in one case it was diminished in size Microscopic 
examination of the thyroid in five of the cases showed the changes 
incidental to chronic interstitial inflammation with hyperplasia of the 
colloid vesicles The sixth could not be examined microscopically 
Papillary projections into the alveoli were not found The colloid con- 
tent varied in quantity and in its staining reactions In certain vesicles 
it was abundant and stained bright red, in others it was pale In no 
instance was the size or position of the thyroid such as to interfere 
mechanically with the action of the heart 

All of the cases were in adult males, the ages being, respectively, 
49, 50, 29, 52, 26 and 34 years The patients were admitted to the 
hospital wuth well marked signs of broken compensation in the form 
of dyspnea and swelling of the lower extremities, the edema some- 
times involving the thighs, penis and scrotum The serous cavities 
frequently were partially obliterated bjf collections of fluid Cough, 
cyanosis and precordial pain occurred as occasional incidents With 
one exception, all of the patients were well nourished Physical 
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examination showed great increase in the size of the heart, with or 
without the association of murmurs The radial pulse was at times 
rapid and irregular, at other times slow, having been counted as low as 
40 beats to the minute and as high as 160 in the same patient In two 
instances in which the blood pressure was recorded the reading was 
within normal limits, and in all of the cases the artery was described 
as soft or compressible In none of the cases were all of the cardinal 
symptoms of exophthalmic goiter detected In two cases, howevei, 
there was marked bilateral exophthalmos and, in one of these, there 
was slight swelling of the neck in the region of the thyroid gland, so 
that only tremor was lacking to complete the picture At necropsy, 
five of the subjects showed great enlargement of the heart, and in one 
instance the heart was described as only slightly enlarged In five 
cases the enlargement was due to dilatation and hypertrophy of the 
several chambers without valvular or pericardial, arterial, pulmonary 
or renal changes to explain the increase in size In one case all of the 
chambers of the heart were dilated and hypertrophied, with the excep- 
tion of the left auricle , in a second case both auricles were dilated and 
both ventricles were dilated and hypertrophied , in a third case the right 
auricle and ventricle were both dilated and hypertrophied, but the left 
side of the heart was apparently unchanged, in a fourth case both 
ventricles and the right auricle were dilated and hypertrophied, m a 
fifth case the right auricle was dilated and both ventricles were dilated 
and hypertrophied, and, in the remaining case, the right auricle was 
dilated and both ventricles were dilated and hypertrophied, but m this 
instance the changes in the left heart were apparently due to valvular 
lesions, while those of the opposite side could not be accounted foi 
except as part of a thyroid cardiopathy In four of the cases the endo- 
cardium, particularly m the left ventricle, but also in the right ventricle 
and, occasionally, in the auricles, was diffusely opaque , at other times 
thickening occurred in patches In two instances the thickened endo- 
cardium extended into the underlying heait muscle for a distance of 
2 or 3 mm , and in one case the interventricular septum was the seat 
of numerous small grayish streaks and patches In two cases the apex 
of the left ventricle showed grayish-red, firmly attached mural thrombi, 
and, in addition, there were thrombotic infarctions in the lungs and 
kidneys, a third case was marked by thrombosis of the left ventricle 
near the apex and by hemorrhagic infarctions in the lungs , two of the 
subjects showed definite anatomic changes incident to syphilis, one 
subject showed the changes characteristic of well developed status 
lymphaticus, in one subject the signs of recessive status lymphaticus 
were present, and, m a third, the thymus was large and fleshlike m 
appearance, but other indications of status lymphaticus were lacking 
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REPORT OF CASES 

The clinical and anatomic details of the six cases follow 

Case 1 — The patient, a man, aged 49, widower, cabinet maker by occupation, 
was admitted to the medical service of Dr Robert Carlisle The patient stated 
that for the past three years he had suffered at intervals from shortness of 
breath, palpitation of the heart and precordial pains The attacks had never 
been of sufficient severity to incapacitate him for work until about three months 
before admission, when, in addition to other troubles, he noticed that his feet 
and ankles were swollen Later the thighs and scrotum became similarly 
affected 

Physical Examination — This showed a well nourished, well developed man, 
who was in great distress, orthopnea being marked The area of cardiac dulness 
was enlarged in all directions The apex beat of the heart was visible and 
palpable in the sixth interspace on the left side 13 cm to the left of the middle 
line There were no murmurs The heart was exceedingly irregular, gallop 
rhythm being present The pulse was rapid and irregular, the rate varying 
between 104 and 128 beats to the minute, once having reached 148 The lower 
extremities, scrotum and anterior abdominal wall were edematous, and the face 
was puffy The specific gravity of the urine was 1 022, it was acid and there was 
a trace of albumin with a few hyaline and granular casts The Wassermann 
reaction was negative The blood pressure was 158/100 mm Hg The non- 
protein nitrogen of the blood was slightly in excess of the normal, 55 mg having 
been found to 100 c c of blood Exophthalmos, tremor and enlargement of the 
thyroid ■\%ere not detected Ophthalmoscopic examination was negative 

Necropsy — Autopsy 5372 The body was that of a well developed, well 
nourished man, 49 years of age , weight 180 pounds There was no exophthalmos 
and the thyroid was neither palpable nor visibly enlarged The pretibial tissues 
were edematous and the abdomen was distended by fluid The left pleural cavity 
enclosed a large amount of clear fluid and the lungs were congested and 
edematous Scattered through both lungs were numbers of hemorrhagic infarc- 
tions, and the smaller branches of the pulmonary artery Contained partly attached 
thrombi 

Heart The precordial area was enormous The pericardium enclosed 
400 cc of clear fluid The heart was greatly enlarged and weighed 780 gm 
The right ventricle was dilated to a marked extent and its walls were hyper- 
trophied, measuring 1 cm in thickness The muscular columns within the 
ventricle were greatly^ thickened and flattened and numerous delicate whitish 
streaks were visible in the muscle substance The conus arteriosus was markedly 
dilated and its walls were thickened The right auricle with its appendix was 
dilated and the musculi pectinati were hypertrophied and flattened, the covering 
endocardium thickened and opaque The left ventricle was greatly dilated, the 
musculature hypertrophied, measuring 2 cm in thickness, the muscle substance 
was firm, reddish in color and there were numerous delicate whitish streaks in 
it, together with fibrotic patches measuring from 0 5 to 1 cm in diameter 
The endocardium of the ventricle was uniformly opaque and thickened The 
left auricle was markedly dilated, its walls were thin and the endocardium 
thickened and lusterless Near the apex of the left ventricle were several 
grayish-red thrombi, some of which were attached to the endocardial wall, 
others were attached to and intercallated among the muscular columns The 
valves were normal throughout and the aorta and pulmonary artery were well 
preserved The mitral ring was 13 cm in circumference, the tricuspid 12 cm , 
Mith the heart laid open 

The Iner vas normal in size and reddish brown The spleen was slightly 
enlarged, dark red in color, the follicles prominent The kidneys were slightly 
enlarged and the capsules stripped easil 5 ', leaving behind a brownish-red surface 
which was perfectly smooth Both organs showed areas of anemic infarction 
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tion of lungs, chronic passive congestion of viscera, anemic infarction of 
kidneys , anasarca 

Microscopic Examination — Tissue was removed from seven different parts 
of the thjTOid gland The microscopic preparations showed essentially the same 
changes in all localities The connective tissue was thickened and irregularly 
distributed, grouping the vesicles into islands of various shapes and sizes In 
places the vesicles were exceedingly small, approximately the size of those 
in the fetal thyroid Each vesicle was lined by a single layer of low columnar 
epithelium and was rounded and empty of colloid In other islands the vesicles 
were slightly dilated, and perhaps half of them were filled by colloid which in 


[ 



Fig 2 (Case 1) — Heart showing the immense hypertrophy of the walls of 
the left ventricle, including the papillary muscles, the diffuse thickening of 
the mural endocardium, the perfectly preserved valves, and attached thrombi 
near the apex 

places stained reddish, in other places onlj faintly pinkish In still other instances 
the lesicles vere even more dilated and filled by smooth, reddish-staining colloid 
Here and there were vesicles wdnch had undergone cystic enlargement and w'cre 
filled by bright red colloid All of the vesicles were lined by a single lajer of 
low columnar epithelium and there was no detectable suggestion of papillary 
infolding m anj of them Ljmphoid follicles were not found The connective 
tissue was moderatelj’’ well \ascularized 

Microscopic examination of the heart show'ed slight enlargement of the 
indnidual muscle fibers and the nuclei were frequently large and hyperchromatic 
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Scattered among the muscle fibers were streaks or patches of moderately 
cellular fibrillar connective tissue The vessels were well preserved 

Microscopic examination of the rest of the organs revealed nothing of 
importance m the present connection 

Case 2 — ^Tlie patient, a man, aged 50, was admitted to Bellevue Hospital 
complaining of shortness of breath and swelling of the lower limbs While m 
the hospital the swelling extended upward and involved the penis and scrotum 
The apex beat of the heart was neither visible nor palpable, but was located 
by auscultation in the sixth interspace on the left side near the anterior axillary 
line The sounds were of poor quality There was an apical systolic murmur 
transmitted toward the axilla The pulse was rapid and irregular, the rate 
varying between 54 and 160 per minute There were numerous moist rales, 
audible over the entire chest The urine contained a trace of albumin 

Ncaopsy — Autopsy 2903 The body was that of a well developed, well 
nourished man The facial hairs were fine in texture The chest and axillae 
were almost bereft of hair, and the pubic hairs were sharply defined in a 
transverse direction The neck was full and rounded and the thighs were 
arching The skin was smooth and delicate There was nothing to indicate 
enlargement of the thj'^roid gland There was marked edema of the entire 
body On opening the thorax the right pleural cavity was found to be full 
of fluid There were small, healed tuberculous foci at the apices of both 
lungs and the lungs were congested throughout 

Heart The pericardium contained a slight excess of clear fluid The heart 
was enormously enlarged and weighed 700 gm The visceral pericardium was 
thickened at intervals and numerous small, whitish nodules were scattered along 
the course of the anterior coronary artery and its branches Both aunculo- 
ventricuar openings were large, admitting four fingers with ease Both auricles 
were markedly dilated, especially the left The cavity of the right ventricle was 
markedly dilated and its walls were tremendously thickened, the papillary 
muscles were hypertrophied and flattened and the endocardium showed patches 
of sclerosis The left ventricle was dilated, the papillar}^ muscles enlarged and 
flattened, the endocardium thickened in patches varying from 2 to 10 mm The 
wall of the ventricle measured 1 5 cm in thickness Tlie valves were normal 
throughout 

Thymus There was a small amount of what appeared to be thymic tissue 
in the fat of the anterior mediastinum The spleen was small and the follicles 
were prominent The intestines showed no lymphoid hyperplasia The thyroid 
ivas enlarged and dark brown in color The kidneys were congested and the 
right was the seat of a healed infarction The liver was congested 

Anatomic Diagnosis — Dilatation and hypertrophy of both sides of the heart, 
sclerosis of endocardium , hyperplasia of thyroid , recessive status lymphaticus , 
chronic passive congestion of viscera, healed infarction of right kidney, 
anasarca 

Microscopic Examination — The connective tissue of the thyroid gland was 
moderately increased in quantity and richly vascularized In places it occurred 
as thickened trabeculae, dividing the alveoli into islands of variable size, in 
other places it could be seen infiltrating its way between individual vesicles, 
separating them one from the other Here and there the stroma supported 
islands of vesicles of the fetal type, each being lined by a single la 3 '’er of 
cuboidal epithelium The vesicles were rounded and empty For the greater 
part houever, the alveoli were moderately dilated and filled bj’- pinkish colloid 
Papillary projections into the alveoli could not be found 

The heart muscle showed no noteworthj microscopic changes other than 
slight increase in the size of the individual fibers, marked hyperchromatosis 
of the nuclei and the presence of small streaks of moderateb”^ cellular con- 
necti%e tissue Ijing among the muscle bundles 
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Case 3— The patient, a man, aged 29, was admitted to the medical service 
of Dr Nammack with the statement that, eight months previously, he was 
suddenly seized with shortness of breath, and that within the past four weeks 
his feet had become markedly swollen 

Physical Examination — This showed a well developed man who was 
extremely dyspneic There was distinct bilateral exophthalmos The pulse was 
rapid, irregular, compressible, and there was visible pulsation in the region of 
the external jugular veins "The pulse rate never fell below 80, nor did it 
exceed 104 to the minute The urine contained a trace of albumin and many 
hyaline casts The apex beat of the heart was not visible, but was palpable 
m the fifth interspace on the left side 1% inches to the left of the midclavicular 
line, and was weak and diffuse in character The area of cardiac dulness was 
increased about an inch in all directions There was an apical systolic murmur 
transmitted to the axilla Tremor and enlargement of the thyroid were not 
noted 

Ncciopsy — Autopsy 2942 The body was fairly well nourished and moder- 
ately muscular The feet and the subcutaneous tissues of the chest wall were 
edematous The abdomen was distended by fluid and both pleural cavities 
contained about 300 c c The lungs were congested The right apex showed 
a few small calcified tuberculous foci The thymus was persistent, in places 
yellowish, as if replaced by fat, in other places fleshy 

Heart The pericardium enclosed about 250 c c of clear fluid The heart 
was slightly enlarged The right auricle was dilated, its walls were moderately 
hypertrophied and the endocardium was opaque The right ventricle was dilated 
and the trabeculae were hypertrophied and flattened The conus arteriosus was 
hypertrophied and dilated The left ventricle was not hypertrophied, but the 
endocardium was opaque, as was that of the corresponding auricle The 
papillary muscles and chorda tendmae were normal The valves throughout 
were well preserved The aorta was small in caliber and the intima was 
unchanged The spleen was small and the follicles visible The liver and 
kidneys were congested, as was the mucosa of the gastro-mtestmal tract 
In the mucosa of the ileum w^ere numbers of somewhat hyperplastic solitary 
follicles , the agminated patches were not prominent There were enlarged 
lymphoid follicles at the base of the tongue and in the mucous membrane of 
the pharynx The thyroid was rather small and reddish in color 

Anatomic Diagnosis — Hypertrophy and dilatation of the right auricle and 
ventricle, sclerosis of the endocardium, recessive status lymphaticus, chronic 
passive congestion of viscera , healed tuberculosis of lungs , anasarca 

Microscopic Examination — The connective tissue trabeculae in the thyroid 
were numerous, broad, dense and poorly cellular, but richly vascularized, and 
were so distributed as to divide the thyroid tissue into rounded, oval, oblong 
or angulated islands made up vesicles, most of which were very small, lined 
by low cuboidal epithelium without papillary infolding or reduplication, many 
of them empty There were moderate numbers of slightly dilated alveoli, some 
of which enclosed smooth, light pinkish-staining colloid or colloid wuth a dirty 
bluish tint 

Microscopic examination of the heart muscle showed no changes worthy of 
mention at this time 

Case 4 — The patient a negro man aged 52 was admitted to the medical 
serMce of Dr Warren Coleman, complaining of shortness of breath on exertion 
that had been present for three months past One week before admission the 
patient noticed that his ankles were sw'ollen He was subject to severe and 
frequent cough, wuth moderate mucoid expectoration 

Physical Examination — ^This showed a w'cll nourished man, wuth marked 
d\spnea and constant cough The apex beat of the heart was located SVz inches 
to the left of the middle line m the sixth interspace On the right side dul- 
ness extended Wz inches bejond the edge of the sternum There was a soft 
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systolic murmur at the apex that was transmitted to the axilla The first sound 
at the base was replaced by a blowing murmur which was transmitted down- 
ward A presystolic murmur and thrill were detected in the tricuspid region 
The precordium showed a marked heaving impulse and there was epigastric 
throbbing The pulse rate varied between 76 and 108 to the minute The 
lower edge of the liver was felt at the level of the umbilicus The urine con- 
tained albumin and a few hyaline casts 

Neciopsy — Autopsy 2388 The body was that of a negro man There was 
marked edema of the lower extremities extending up the thighs and involving 
the scrotum The heart was markedly enlarged and lay so that the right 
margin of the ventiicle was against the diaphragm The right side of the 
heart was greatly dilated and the walls of the right ventricle were hypertrophied 
The left ventricle was dilated and its walls thickened The muscle tissue of the 
interventricular septum was slightly fibrotic Both auriculoventncular open- 
ings were large, but the valves were normal throughout The aorta and pul- 
monary artery were unchanged 

Both lungs were congested The spleen was small and the interstitial tis- 
sues thickened The kidneys were well preserved, except for small patches of 
capsular adhesions which, on being stripped away, left behind a slightly granular 
surface There was a wedge-shaped, anemic infarction near the outer border 
of the right kidney The liver was nutmeg in appearance The thyroid gland 
was enlarged and, on section, colloid-contaimng vesicles were visible 

Anatomic Diagnosis — Hypertrophy and dilatation of both sides of the heart, 
fibrosis of the interventricular septum, chronic passive congestion of viscera, 
anemic infarction of right kidney, h 3 'perplasia of thyroid gland , edema of thighs 
and scrotum 

Mtcioscoptc Examination — ^The heart muscle showed patches of hj'aline con- 
nective tissue scattered here and there, each containing numerous thin walled 
blood vessels The endocardium showed considerable fibrosis and hyalimzation, 
few cellular elements being distinguishable Unfortunatelj', microscopic exam- 
ination of the thyroid was not possible, the original preparations together with 
the material removed at necropsy having been misplaced 

Case 5 — The patient, a man, aged 34, was admitted to the medical service 
of Dr Nammack The patient admitted having had a chancre twelve years 
previously Three months before admission he became dyspneic and noticed 
palpitation of the heart 

Physical Examination — This showed edema of both legs and cyanosis The 
apex beat of the heart was visible and palpable in the sixth interspace on the 
left side The right border of cardiac dulness reached IVs inches to the side 
of the sternum There was a systolic murmur at the base and a late diastolic 
murmur following The pulse was small, the rate varying between 40 and 130 
beats to the minute Over the apex of the right lung anteriorly there were 
dulness and crepitant rales Examination of the sputum, winch was blood tinged, 
showed tubercle bacilli The urine contained albumin and hyaline and granular 
casts The systolic blood pressure was 100 The Wassermann reaction was 
strongly positive 

Necropsy — Autopsy 3638 The body was that of a fairly muscular man 
The skin was pale and there was moderate edema of the feet and legs and 
slight swelling in the region of the neck corresponding to the thyroid The 
external configuration rvas unlike that commonly encountered in status lymph- 
aticus The abdomen was distended by fluid, as were both' pleural cavities The 
lungs were congested and in the lower lobe of the left lung was a large, 
hemorrhagic, thrombotic infarction The upper lobe of the left lung showed 
numerous patches of fibrosis The tissues of the anterior mediastinum were 
edematous and there was a large, symmetrical, bilobed thymus which reached 
as far downward as the auricles of the heart and upward to the lower level 
of the thyroid On section it was pinkish and fleshlike The precordial area 
was large 
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Heart The precardium contained an abundance of fluid The heart was 
greatly enlarged and weighed 5S0 gm The right auricle was dilated, but its 
walls were not thickened The right ventricle was hypertrophied, particularly 
the conus arteriosus, and the ventricle was dilated throughout The muscular 
trabeculae were thickened and flattened The endocardium was thickened and 
opaque and, on section, whitish threadlike streaks could be seen in the muscular 
walls for a distance half way through their thickness The left ventricle was 
hypertrophied and dilated, the walls measuring 16 to 20 mm The valves were 
normal The liver was nutmeg in appearance The spleen was small, the 
trabeculae numerous and prominent and the pulp reddish The follicles were not 
visible The kidneys were congested, but otherwise unchanged The lymphoid 
follicles of the intestines were normal 

The thyroid gland was enlarged and weighed 102 gm The shape was well 
preserved On section the gland presented a spongy appearance, due to the 
presence of numerous small colloid-containing vesicles 

Anatoimc Diagnosis — Hypertrophy and dilatation of both sides of the heart, 
marked fibrosis of the endocardium of the right ventricle, chronic passive con- 
gestion of viscera, persistent thymus, hyperplasia of the thyroid gland, hemor- 
rhagic infarction of the lung, healed tuberculosis, anasarca 

Mtooscoptc Evaimnation — Running through the thyroid gland in all direc- 
tions were bands of smooth, dense, noncellular connective tissue from which 
smaller prolongations penetrated between the alveoli, grouping them into small 
islands, or surrounding individual alveoli and separating them one from the 
other The alveoli varied in both size and shape Most of them were slightly 
dilated All of them were lined by a single layer of cuboidal epithelium and 
papillary projections into their lumina were not to be found They were filled 
with smooth, bright red colloid material The fibrous trabeculae were well 
vascularized 

Microscopic examination of the heart showed numerous streaklike or patchy 
connective tissue foci lying between the muscle fibers, compressing or replac- 
ing them 

Case 6 — The patient, a well nourished negro, aged 26, was admitted to the 
medical service of Dr Frank Meara with the statement that about a month 
previously he became short of breath, shortly after which he noticed swelling 
of the feet and ankles There was distinct bilateral exophthalmos and slight 
swelling in the region of the thyroid The pulse was rapid, varying between 
96 and 104 beats to the minute The apex beat of the heart was located in 
the sixth interspace, 13 cm from the middle line on the left side There was 
a double murmur at the base and a rough systolic murmur at the apex The 
urine contained albumin and many hyaline and granular casts 

The patient furthermore stated that, as a youth, he suffered from frequent 
“fainting attacks” attended by convulsions and biting of the tongue These 
attacks ceased when he was about 14 years of age 

Necropsy — Autops}’’ 4340 The body was that of a well nourished negro 
man There was marked bilateral exophthalmos and the neck, corresponding 
to the site of the thyroid gland, presented a slight prominence The lower 
limbs were noticeably arched, the axillary hairs were only fairly well developed, 
the pubic hairs were of the feminine distribution, being sharply defined in a 
transverse direction, only a few stray hairs stretching toward the umbilicus, 
the chest was practically hairless, and the glans penis was small On section 
the peritoneal cavity enclosed a slight excess of fluid Both pleural cavities 
verc similarly bathed, the lungs were large and, on section, showed the char- 
acteristic appearances of brown induration The precordial area was large The 
heart was greatlj increased in size and weighed 640 gm The right side was 
markedlv dilated, and the right \entricle was dilated and hypertrophied The 
vail of the ^entrlcle measured 0 5 cm in thickness and the muscular trabeculae 
111 Its lumen v ere thickened and flattened The left ventricle was hypertrophied 
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Its wall measuring 15 mm, and the ca\ity was dilated The mitral valve was 
thickened and retracted and there were small numbers of minute vegetations 
scattered along the line of closure The aortic valves were thickened and 
retracted and one of them showed a small pouchhke dilatation The vahes on 
the right side of the heart were unchanged 

The liver, spleen and kidne 3 's were congested, but otherwise unchanged 
The thj'mus region was occupied by edematous fat and thymic tissue was not 
to be seen 

The thyroid was enlarged, firm, light reddish in color and only a slight 
amount of colloid was visible to the unaided eye On section, both lobes showed 
innumerable grayish streaks corresponding to connective tissue prolongations 
The lymphoid follicles of the intestines weie atrophic 

Anatomic Diagnosis — Dilatation and h 5 'pertrophy of both ventricles of the 
heart, dilatation of the right auricle, sclerosis of the mitral and aortic valves, 
acute vegetative endocarditis of the mitral valve , bilateral exophthalmos , 
chronic interstitial thyroiditis, chronic passive congestion of viscera, brown 
induration of lungs, recessive status b'mphaticus , anasarca 

Micioscoptc Examination — Tissue removed from different parts of the 
thyroid gland showed the presence of innumerable large and small, dense, 
smooth, poorly cellular fibrous trabeculae interspersed among the colloid vesicles 
m such fashion as to surround almost every individual vesicle In occasional 
instances small groups of vesicles of the fetal t}'pe were to be seen bmg in the 
connective tissue framework, practically all of them being empty The great 
majontj' of the alveoli were slightly distended, lined b}" a single la 3 'er of very 
low, almost flattened epithelium, and filled b 3 '^ smooth, pinkish-staining colloid 
Microscopic examination of the lungs showed marked congestion of the 
blood vessels Moderate numbers of alveoli contained a few red blood cells 
and desquamated epithelium and an occasional pigmented phagoc 3 te Most of 
the vesicles, however, were unchanged 

In this patient the picture of exophthalmic goiter is almost complete, 
bilateral exophthalmos, enlargement of the thyroid gland and tachy- 
cardia serving to establish the diagnosis with reasonable certainty in 
spite of the fact that histologic examination of the thyroid gland failed 
to show the changes customarily found in exophthalmic goiter The 
hypertrophy of the left A^entncle is undoubtedly to be explained largely 
on the basis of sclerotic changes in the aortic and mitral cusps The 
hypertrophy of the right ventricle and the dilatation of the right auricle 
are less easily accounted for, the presence of chronic passn'^e conges- 
tion of the lungs scarcely serving this purpose The naked eye and 
microscopic appearances of the lungs were such as are commonly 
found in association with valvular defects in the left heart and are to 
be interpreted as secondary to cii dilatory disturbances They are 
exceedingly common and are never regaided as causative factors in 
the production of changes in the right heart 

The history of “fainting attacks,” convulsions and biting of the 
tongue occurring in early youth and ceasing at about the fourteenth 
year is interesting in connection with the bodily configuration and 
signs of recessive status l3unphaticus as levealed by atrophy of the 
various lymphoid tissues In these circumstances it is reasonable to 
assume that the seizures in question u ere of the nature of anaph3dactic 



348 


D SYMMERS 


■IRCH 1\’T 


attacks such as are not uncommonly seen in subjects of status lym- 
phaticus, and that cessation of the attacks took place coincidently tvith 
completion of involution in the thymus gland and diminution in the 
lymphoid tissues in other parts A very considerable percentage of 
epileptics present the bodily configuration and other signs of status 
lymphaticus and complete disappearance of the convulsive seizures 
may be observed as age advances Microscopic examination of the 
lymphoid tissues m such subjects shows the piesence of iniiumeiable 
necrotic foci in the germinal follicles, thus releasing nucleoproteins 
which serve to sensitize the patient Before the anaphylactic incuba- 
tion period IS at an end another shower of necroses occurs, in this 
way completing the anaphylactic cycle, the reaction varying in inten- 
sity from simple urticarial rashes to convulsive disorders of the epi- 
leptiform type or even eventuating in sudden death 

The SIX cases just synopsized permit of two interpretations — 
one, that they constitute a clinical and pathologic entity, the other, that 
the condition is an atypical form of exophthalmic goiter 

Among the arguments in favor of the first mentioned interpreta- 
tion is that the condition, as observed in Bellevue Hospital at least, 
occurs onl)' in adult males of a fairly advanced age, whereas exoph- 
thalmic goiter IS seen most commonly in females below 30 years, and 
that all of the patients were well nourished, while in exophthalmic 
goiter there is marked loss of weight due to disturbances in nitrogen- 
ous metabolism The type of histologic change in the thyroid gland 
lends color to the view that the condition is distinct from exophthalmic 
goiter, in which, however, the histologic alterations in the thyroid 
gland are by no means uniform There is an histologic picture marked 
by proliferation and dilatation of the vesicles of the thyroid gland, 
with papillary infolding of the epithelium, that is present in a consider- 
able percentage of all cases of exophthalmic goiter and is apparently 
otherwise unknown in human pathology Edmunds and others, how- 
ever, have shown that if a portion of the thyroid gland be removed 
from an animal, the remainder, after the lapse of a certain period, 
exhibits compensatory hyperplastic changes with intravesicular papil- 
lary prolongations comparable to those of exophthalmic goiter A 
similar condition is found in a certain percentage of stray dogs, and, 
occasionally, in goats and sheep Moreover, if such dogs be given 
lodids in large doses the alveoli again become rounded, the papillary 
projections disappearing The administration of lodids, also, is said 
to prevent the development of intravesicular papillae after operative 
extirpation of a part of the thyroid (Marine, Kocher, MacCallum ) 
On the other hand, the thyroid gland in exophthalmic goiter sometimes 
shows a histology which is not attended by the changes indicated, but 
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IS characterized by structural deviations not to be distinguished from 
those of ordinary goiter In the cases outlined the histologic changes 
in the alveoli of the thyroid gland were all of the simple, nonpapillary 
type , that is to say, they were of the sort which may or may not occur 
in the thyroid in exophthalmic goiter, while the overgrowth of con- 
nective tissue was noticeably m excess of that usually encountered m 
that disease Thus the microscopic findings do not aid materially in 
the clinical interpretation Had it been practicable to make serial 
sections of the entire thyroid gland in all of the cases, it is possible 
that intra-alveolar papillae might have been found, thus establishing 
an histologic composite which, when it does occur, is specific Finally, 
the interpretation of these cases as a clinical and pathologic entity is 
supported by the fact that the increase in the size of the heart is enor- 
mously in excess of and different in distribution from that usually 
encountered postmortem in exophthalmic goiter, m which enlargement 
IS apt to be confined to the left ventricle 

Granting the validity of these arguments, it is none the less difficult 
to disregard the possibility that the cases under discussion represent 
examples of atypical, ill developed exophthalmic goiter Against this 
view it might be urged, of course, that the changes m the thyroid are 
incidental and have nothing to do with those in the heart, an objection 
which appears to be overcome by the obseivation that the changes iti 
the thyroid are strangely constant for accidental happenings It might 
also be urged that the changes in the thyroid are secondary to chronic 
passive congestion, but sclerosis of the thyroid in these circumstances, 
if and when it occurs, does not reach the degree shown by the glands 
under investigation, while sclerotic changes of the same type, extent 
and distribution are not known in other viscera which have long been 
the seat of passive congestion In a case recently examined post- 
mortem at Bellevue Hospital the aortic and mitral valves were greatly 
thickened and retracted, and the tricuspid valves were reduced to 
thickened, rounded, cordlike bodies, a degree of sclerosis rarely seen 
m the valves of the right side of the heart, even in a necropsy service 
as extensive as that of Bellevue Hospital The heart was markedly 
dilated and hypertrophied In this case the liver was pulsating and 
there was a jugular pulse, the thyroid was slightly enlarged, weighing 
35 gm , and was deeply congested, so that conditions were apparently 
propitious for atrophy and connective tissue replacement As a matter 
of fact, microscopic examination of the thyroid showed innumerable 
closely packed colloid vesicles without a suggestion of connective tissue 
overgrowth However, if one insists on the construction in question 
and eliminates the thyroid gland as the cause of the enlargement in the 
so-called idiopathic cardiopathy, one is still left with the extraordinary 
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combination of an apparently unprovoked dilatation and hypertiopli} 
of the heart associated with symptoms of partially masked exoph- 
thalmic goiter, a picture which still is worthy of contemplation from 
the standpoint of recognition at the bedside In this connection, also, 
it IS interesting to note that Blum has shown that experimental produc- 
tion of stasis in the thyroid gland results in increased elimination of 
nitrogen and of inorganic phosphates, and is attended by inci eased 
rapidity of the pulse 

CONCLUSIONS 

1 The symptomatology of the condition described by clinicians as 
thyrotoxic cardiopathy is identical with the symptomatology of the 
lesion familiarly known among pathologic anatomists as idiopathic 
dilatation and hypertrophy of the heart The clinical features are 
characterized by signs of great increase in the size of the heart, with 
or without murmurs of relative insufficiency and with or without signs 
of decompensation, as shown by dyspnea, subcutaneous edema, trans- 
udation in the serous cavities, cyanosis and the like, by tachycardia, 
and, on occasions, by bilateral exophthalmos with or without detectable 
indications of enlargement of the thyroid Thus the symptoms are 
largely those of the cardiopathy, and signs of thyroid disturbance, 
such as tachycardia, tremor, exophthalmos and enlargement of the 
thyroid, if present, are apt to be projected into the background rathei 
than to assume a prominent place in the picture Of these symptoms, 
the tachycardia is constant, and with the patient in bed and at lest, 
varies between 90 and 160 beats to the minute 

2 Anatomically, the so-called thyrotoxic cardiopathy is character- 
ized by great enlargement of the heart, due to dilatation and hyper- 
trophy of all the chambers or of different combinations of chambers 
without valvular or pericardial, arterial, renal, pulmonary or othei 
of the causes customarily invoked to explain enlargement of the heart 

3 The so-called thyrotoxic cardiopathy is associated with definite 
structural alterations in the thyroid in the form of moderate changes 
in the size of the gland, overgrowth of the fibrous trabeculea, rear- 
rangement of the architecture of the parenchyma, dependent on 
redistribution of the stroma, regeneration of vesicles and dilatation of 
the older alveoli, and variations in the amount and staining reaction of 
the colloid — a chronic interstitial and hyperplastic thyioiditis 

I am extremely indebted to Dr H M Ray for valuable assistance The 
photographs are by Mr William B Morrison 

338 East Twenty-Sixth Street 
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THE EFFECT OF DIURETICS ON THE GENERAL BLOOD 
PRESSURE IN ANIMALS WITH CONSTRIC- 
TION OF THE RENAL ARTERIES ' 

E W BRIDGMAN, MD, and K HIROSE, MD 

BALTIMORE OKAYAMA, JAPAN 

Since the daj’-s of Traube^ a mechanical explanation for the high 
blood pressure of chronic renal disease has frequently been advocated, 
the original theory postulating increased peripheral resistance in the 
kidney itself as the cause Failure of ligature of both renal arteries to 
raise the blood pressure materially was sufficient disproof of the theory 
in any such simple form Various modifications of it have been sug- 
gested Katzensteur obtained a slight rise after incomplete occlusion 
of the renal aiteries, and Alwens® by compressing the kidneys in 
oncometers In spite of the failure to produce any rise m blood 
pressure at all comparable to the hypertension of human nephritis, 
the obvious association of hypertension with those types of renal dis- 
ease in which the renal arterial system is most compromised, m the 
absence of any other satisfactory explanation, has prevented the entiie 
abandonment of the mechanical theory Furthermore, clinicians have 
always been impressed with the compensatory nature of hypertension 

The following experiments were undertaken m the hope of afford- 
ing further light on the tenabihty of Traube’s theory under conditions 
of increased functional demand on the kidney It was thought pos- 
sible that, if the renal artery were narroued, but not occluded, and 
then diuretic substances administered intravenously, the compensator}'- 
nature of hypertension might be revealed Narrowing of the renal 
artery without obliteration was made possible by the aluminum band 
of Halsted ^ The diuretic substances used were sodium chlorid, urea 
and caffein, injected intravenously, in addition, the effect of epmephrin 
was tested With an aluminum band placed about the renal artery, 
no increased flow through the kidney can occur as a result of mere 
local vasodilatation If any reflex mechanism exists whereby diuretic 
substances can produce an increased flow through the kidney under 
these conditions, a rise in general blood pressure must occur If, on 
the other hand, no rise in general blood pressure and no diuresis fol- 

* Submitted for publication Dec 10, 1917 

*From the Hunterian Laboratorj' of the Department of Medicine of the 
Johns Hopkins University 
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lows, then the evidence for this particular \iew of the compensatory 
nature of hypertension would be lacking 

TECHNIC OF EXPERIMENTS 

The experiments were performed as follows As large a dog as obtainable 
was used and was anesthetized with paraldehyd A cannula was then placed in 
the carotid artery and connected with a recording mercury manometer for the 
registration of the arterial pressure, and another cannula placed in the femoral 
vein for the injection of the solutions The kidneys were next delivered through 
lumbar incisions and the renal arteries exposed A cannula was inserted m 
the left ureter and connected with an electrical drop recorder In Experi- 
ments 1 to 11 no further operative procedures were done at this time, but in 
Experiments 12 to 15 the right renal artery was now ligated 

A control period was then begun, arterial pressure and urine flow being 
recorded on a kymograph When the blood pressure had become steady, the 
various solutions were injected into the femoral vein, a sufficient time being 
allowed to elapse between injections for the blood pressure curve to return 
to its former level, varying from ten minutes to one hour in different experi- 
ments The speed of injection was as nearly uniform as possible The aluminum 
band was then placed around the left renal artery with sufficient constriction 
to reduce markedly the pulsation distal to it, but not to abolish pulsation 
completely In Experiments 1 to 11, ligature of the right renal artery was also 
performed This operation sometimes required the administration of a small 
amount of ether “ 

After a second control period, the various solutions were again injected 
through the femoral cannula in the same volume and the same order as before 
The dog was killed at the conclusion of the experiment before recovering from 
the anesthetic 

The solutions tested, and the volumes used, were as follows 

S per cent sodium chlond solution, 10 to 20 c c 
5 per cent urea in 0 9 per cent sodium chlond 
solution, 10 to 20 cc 
5 per cent caffein solution 7 5 to 10 c c 
1 in 50,000 epmephrm chlond solution, 10 c c 

The amount injected varied with the size of the dog In the bulk of the 
experiments 15 c c of the sodium chlond and of the urea solutions, and 10 c c 
of the caffein and the epmephrm solutions were used 

The experimental difficulties in adjusting the band so as to dimmish, 
but not completely obstruct, the blood flow were considerable A 
number of experiments had to be abandoned because of failure to 
accomplish this, or because of clotting m the cannula, or death of the 
dog before the conclusion of the tests In addition, one of us 
(E W B ) was called to active military duty before sufficient experi- 
ments had been performed, and the other (K H ) must assume the 
responsibility for the later experiments and for the opinions expressed 
in this paper 

In order to bring the results together in a clear manner, the blood 
pressure and urine-drop records have been measured on the tracings, 
and the figures from the eight successful experiments are given in 
tabular form The blood pressure figures give the rise, represented 
by -f-, or fall, represented by — , in mean carotid pressure expressed 
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CONTRIBUTION TO THE PHYSIOLOGY OF 
THE STOMACH 

XLVI GASTRIC SECRETION DURING FEVER 
JACOB MEYER, MS, MD, SEYMOUR J COHEN, SB 

AND 

A J CARLSON, PhD 

CHICAGO 

BeaumonP was first to observe that 

In febrile diathesis or predisposition from whatever cause the villous 

coat becomes red and drj% at other times pale and moist and loses its smooth 
and healthy appearance, the secretions become greatly vitiated, greatly dimin- 
ished, or entirely suppressed, and mucous coat scarcely perceptible, the follicles 
flat and flaccid, with secretions insufficient to protect the nervous papillae 
When there are corresponding symptoms of disease, as dryness of the mouth, 
thirst, accelerated pulse, etc , no gastric juice can be extracted, not even on the 
application of alimentary stimulus Drinks received are immediately absorbed 
or otherwise disposed of, none remaining m the stomach ten minutes after being 
swallowed Food taken in this condition of the stomach remains undigested 
for twenty-four to forty-eight hours or more, increasing the derangement of the 
whole alimentary canal and aggravating the general symptoms of disease 

Clinical and experimental evidence confirms these early observations 
of Beaumont Thus Gluzinski,^ 1888, noted that not only is there a 
diminution of the quantity of gastric juice, but that during the entire 
duration of an infectious fever the gastric juice showed an absence of 
acid, and that with the cessation of fever, or somewhat later, acid 
reappeared During chronic fevers there was no apparent diminution 
of acid, Gluzinski therefore concluded that the diminution of gastric 
juice was less influenced by elevation of tempeiature than by infection 
SasseckP noted that the quantity of acid was not always diminished 
during fever, and that if dyspepsia was present before the onset of 
fe\ er, it in itself might be the cause of the diminished secretion 

Uffelman,^ in an analysis of the vomitus of eight children during 
fever, always found a diminished secretion of gastric juice 

Grunfelder,® in a senes of experiments on two dogs, observed the 
effect of infection on gastric juice by, means of the Pawlow pouch 

* Submitted for publication Dec 1, 1917 

* From the Hull Physiological Laboratory of the University of Chicago 

1 Beaumont, W Experiments and Observations on the Gastric Juice and 
Phisiologj of Digestion, 1833 

2 Gluzinski L A Deutsch Arch f klin Med , 1888, 42, 145 

3 Sassecki Cited from Gluzinski, Footnote 2 

4 Uffelman Die Diet in den acute fieberhaften Erkrankungen, 1877 

5 Griinfelder Ztschr f exper Path u Therap , 1914, 16 , 141 
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Gastric secretion was markedly reduced in quantity, free and total 
hydrochlorid were also reduced , pepsin remained constant 

Nichols® says there is usually a diminution or total suppression of 
hydrochloric acid in various fevers, while pepsin is apparently little 
reduced 

Stockton’’ says that “the examinations of stomach contents in fever 
patients yield contradictory results and consequently are not always 
easily interpreted The secretion may be but little impaired , more often 
there is a deficiency m hydrochloric acid, with less deficiency in the 
secretion of ferments 

It is thus seen that most observers report a diminished gastric 
secretion and a lowered acidity m fevers 

We have undertaken to renew the study of the changes in gastric 
secretion during fever in order to determine the mechanisms involved 
in the changes 

Procedure — We prepared a number of dogs with Pawlow accessory stom- 
achs A period of ten days to three weeks was allowed each dog for recovery 
before we commenced our work 

The dogs were fed a standard quantity (from 150 to 200 gm ) of cooked 
meat and as much water as desired The gastric juice was then collected at 
hourly intervals for five hours In addition, the juice was collected one hour 
before feeding The temperature of the animal was taken hourly during the 
period of secretion and the next morning following the experiment, so that we 
were sure that we were dealing witli normal dogs 

Analysis of Gastric Juice — One cc of the total quantity of gastric juice 
secreted was titrated on the same day for free and total hydrochloric acid 
Pepsin was determined by diluting 1 c c of gastric juice with 10 c c tenth- 
normal hydrochloric acid and the amount of digestion calculated by the Mett’s 
method 

Chlouds — Van Slyke’s method was followed, but we used 1 c c of gastric 
juice because we found that during fever the quantity of juice secreted was so 
small as to necessitate the use of small amounts in our determinations 

I CHANGES IN GASTRIC SECRETION PRODUCED BY FEVER 

Piocedme — ^The experiments were conducted as follows Gastric juice was 
collected for one hour to obtain the amount of the continuous secretion, at the 
end of this period the temperature was recorded 

An intravenous injection of either sodium nucleate (10 cc of a 10 per cent 
solution) or of killed culture of B prodigiosiis was then given, and after five 
or ten minutes the animal was given from 150 to 200 gm of meat At times the 
animal would refuse to eat On such occasions forced feeding was resorted 
to, the meat being placed on the back of the tongue With each meal ISO c c 
of water was given 

In se\eral instances it w'as noted that the dogs vomited the food about 
• one and one-half hours after the injection of the nucleate or the B piodigiosus 
\Vhen this occurred, the food, w'hich was always undigested, was fed to the 
animal again 


6 Nichols Am Jour Med Sc, 1911, 142 , 93 

7 Stockton, C G Diseases of the Stomach, New York, 1914, p 217 
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^ RESULTS 

The results are briefl}'- summarized in the accompanying Table 1, 
and Figure 1, A and B 

Table 1 shows that in a series of experiments conducted on three 
dogs the changes produced in the gastric secretion were remarkably 
constant The volume was reduced Thus, with normal temperature 
the volume was 27, 30 and 85 5 c c in Dogs 2, 5 and 10, respectively 
In fever, with temperature of 105 F , the volume was reduced to 10 4 
c c , 5 5 c c and 7 1 c c 

Total acid and free acid were markedly reduced 

Pepsin was increased in two dogs, and diminished in one The 
increase is apparently dependent on volume 

Chlonds aie practically constant We wish to emphasize this fact 
here in striking contrast to the change in the total and free acid The 
secretion is mucous and ropy in character 

We may, therefore, conclude from the foregoing that during fevei 
there are definite changes in the gastric secretion which are chiefly a 
diminution of volume, diminished free and total hydrochloric acid, a 
percentage increase in pepsin, and a nearly constant percentage of 
chlonds We wish to note that these changes are present only during 
the febrile period, and that the next morning, the animals’ temperature 
being normal, the gastric secretion was again normal 

It is worthy of special emphasis that the injection of sodium nucleate 
or B pi odigiosus produces marked disturbances in addition to elevation 
of the temperature Thus diarrhea, mucous and bloody stools occurred 
in most of the dogs Severe chills and severe prostration were often 
present, yet the following day the temperature was normal, the animal 
apparently well and the flow of gastric secretion normal Only when 
our control experiments showed a return to normal did we repeat the 
experiment on the same animal 

The fact that in five experiments on one dog a killed culture of 
B pi odigiosus produced results identical with those following sodium 
nucleate indicates that there is nothing in the drugs or toxins used 
which might interfere or alter gastric secretion, but that it is the fever 
and its reaction which are the basis of the results 

II MECHANISM INVOLVED IN THE CHANGES OF G\STRIC SECRETION 

DURING FEVER 

(a) Role of Heat or Temp ei atm e Elevation — In a recent commum- 
ca'tion by Me>er and Carlson® the effect of external heat was proved to 
be a factor in the depression of hunger contractions Salle,® by elevat- 

8 Meyer &. Carlson Am Jour Physiol, 1917, 44 

9 Salle Verliandl d 28 Versamml d Gesellscli f Kinderli , 1911, 72, 
Tahrb f Kinderh , 74, 627 





Fig 1 — A, Composite chart of eight experiments (on Dog 5) showing the 
volume of gastric juice secreted after a meal of 200 gm of boiled meat 
Temperature normal 

B, Composite chart of nine experiments (on Dog 5) showing changes m 
gastric secretion during fever produced by injection of sodium nucleate or 
B pj odigiosus Food, 200 gm boiled meat 
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ing the exteinal temperature, produced a condition simulating diarrhea 
in young dogs and reports a diminished volume, diminished free and 
total acid of the gastric juice Salle fed his animals milk only, and 
therefore his results are not conclusive 

We determined the effect of elevating the temperature of the dogs by 
external heat, employing the method used by Meyer and Carlson® By using 
a stronger electric current we were able to obtain a temperature in the cage 
varying from 45 to 64 C 

The normal temperature was first recorded, the animal placed in the hot box 
for one hour and the juice collected, at the end of this period the dog was fed 
The animal was kept in the box for two hours longer, the juice being collected 
separately each hour The animal was then removed to the room and the 
gastric juice collected for two hours at normal room temperature A series 
of three experiments on one dog were thus conducted 

RESULTS 

Table 2 and Figure 2, A and B, show the marked alteration in the 
character of the gastric secretion produced by elevating the tempera- 
ture of the dog by means of external heat The results are almost 
identical vith the results produced by fever itself A very striking 
fact is the entire absence of secretion on lemoval of the animal from 
the hot box, even though the body temperature fell rapidly to normal 
The gastric secretion was normal again within twenty-four hours 

The animal becomes extremely prostrated for one to two hours 
after an exposure in the hot box Restlessness, dyspnea, rapid pulse 
and extreme exhaustion are present Salivation is pronounced, and 
this is a striking feature when compared with the decrease in gastric 
juice 

We may therefore conclude that temperature elevation produced 
by external heat induces the same changes in gastric secretion as are 
produced by fever, experimental or infectious This is probably the 
condition of gastric secretion in cases of sunstroke 

(&) Effect of Fevei Syndioine — Does the fevei or temperature 
elevation complex abolish the psychic factor, impair the function of the 
secretagogues or depress the gastric gland cells directly^ 

The striking similarity of the results obtained during actual fever 
and in the experiments of temperature elevation caused by external 
heat at once suggests the possibility of the entire change being due to 
failure of the psychic factor Thus Pawlow^® says that “in the occa- 
sional illness of our experimental animals there is an augmented or a 
diminished activity of the peptic glands as contrasted to the normal, ’ 
and he believes that the change m the secretion is “of a reflex nervous 
nature” We are able at present to differentiate between the psychic 
and the chemical factors by the use of gastrin When gastrin is 

10 Pa^\lo^^ The Works of the Digestne Glands 1910, p 241 

11 Keeton and Koch Am Jour Phjsiol 115, 37, 481 
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TABLE 2 — Summary of Experiments (with Controls) on the 
Influence or Thermic Fever on Gastric Secretion 
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Fjg 2 — A, Composite chart of eight experiments (on Dog 5) showing the 
volume of gastric juice secreted after a meal of 200 gm of boiled meat 
Temperature normal 

B, Composite chart of three experiments on Dog 5, showing change in 
volume of gastric juice during temperature eleiation caused by external heat 
Food, 200 gm boiled meat 
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injected subcutaneously it gives rise to a definite secretion of gastric 
juice, in which the psychic factors play no role at all We therefore 
employed gastrin to determine the direct response of the gastric glands 
dining fever 

Proccdme — ^We first determined the normal lesponse of our animals to 
subcutaneous injection of 1 cc of gastrin Having secured our normals we 
determined the gastrin action during fever Our procedure was generally as 
in the preceding experiments The dog was allowed to secrete normally for 
one hour (continuous secretion), then sodium nucleate or B prodxgiosus was 
injected intravenously At the end of the second hour 1 cc of gastrin was 
injected subcutaneously The juice was then collected at hourly intervals for 
from three to four hours after the injection of gastrin In some cases no 
analysis of the chlorids was made because of the small quantity of secretion 
In studying the effects of temperature elevation due to external heat on the 
secretion caused by gastrin, we employed the methods detailed on page 358 
with the addition that 1 c c of gastrin was injected 

RESULTS 

In a senes of five experiments on two dogs in which fever was 
produced by nucleate and prodigiosus, and in twelve experiments on 
five dogs, in which a temperature elevation as high as from 105 to 112 
was caused by external heat, the changes produced in the secretion 
caused by the injection of 1 cc of gastrin were striking and uniform 
The volume was diminished, at times there was no secretion at all 
The total and free acid were reduced The chlorids were practically 
constant (Tables 3 and 4, Figs 3 and 4, A and B) 

These experiments prove that during fever produced by the injec- 
tion of sodium nucleate or B pi odtgiosm, or during tempeiature ele- 
vation caused by external heat, gastrin is unable to induce the normal 
secretion of gastric juice The changes in the gastrin secretion are 
exactly the same as those found in the gastric juice secreted in response 
to food during fever 

DISCUSSION 

What othei factor must be considered in the alteration of gastric 
secretion during fever? 

Salle® believed that the heat of the body itself was the most impor- 
tant factor Grunfelder® considers the temperature of the blood 
together with the secretogogues as equally important Pawloiv^® holds 
that the changes are of a reflex nervous nature Our experiments 
demonstrate beyond doubt the fact that the heat of the body is an 
important factor in causing an alteration in gastric secretion 

Furthermore, since, as we have proved that gastrin when injected 
subcutaneously during fever is unable to induce its normal secretion, it 
follows that any gastrin formed from the food substances eaten during 
fever ivould also be unable to induce a gastric secretion Our results 
with gastrin point to a definite depression of the gastric gland cells. 
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which may be explained by the action of “toxins” elaboiated during 
fever It is conceivable that the toxins present might have a direct 
action on the glands We believe that the greatest factor in the altera- 
tion of gastric secretion during fever is a change m the cells of the 
glands of the stomach We are inclined to this view because of our 

TABLE 3 — Summary of Experiments (with Controls) on Two Dogs, 
Showing the Effect or Injection or 1 Cc Gastrin on the 
Secretion of Gastric Juice During Fever 
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results with gastrin Although the mechanism of the action of gastrin 
IS not definitely understood, recent work would seem to indicate that 
it has a direct action in the cells of the gastric glands Thus in a per- 
sonal communication from Luckhardt, Koch and Keeton on “Effect of 
Atropin on Gastric Stimulation of Stomach,” they have noted that, 
“any dose of atropm sufficient to inhibit gastric flow under food stimu- 
lation will reduce the secretory activity following gastrin stimulation 
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It IS always possible, however, even after maximal doses of atropin, 
doses that are definitely toxic to the animal, to cause a flow of juice 
by increasing the dose of gastrin ” These findings tend to confirm oui 
view We suggest that in fever gastrin is unable to induce its normal 
gastric secretion because of alteration in the gland cells We believe 
that the same mechanism explains the failure of gastric secretogogues 



Fig 3 — A, Composite chart of three experiments showing character of secre- 
tion produced by injection of 1 cc gastrin subcutaneously, during normal 
temperature 

B, Composite chart of two experiments showing character of gastric secretion 
produced bj gastrin during fever caused bv sodium nucleate and B prodigiostis 

produced by food eaten during fever to cause a secretion The most 
important factor in the alteration of gastric secretion during feter is 
a depression of the gland cells These cell changes are transitory in 
character, and are probabh in the nature of a cloudy swelling 





TABLE 4 — Su’iiMARY of ExPERIME^TS (with Controls) on Five Dogs, 
Showing the Effect of Injection of 1 Cc Gastrin on the 
Secretion or Gastric Juice During Thermic Fever — 

{Continued) 



1 

1 

Body 

[ Vol 

Total 

Pree 

Pep 

Chlo- 

Box 



Hour 

Temp ,* 

1 umo, 

Acid, per 

Acid, per 

sm, 

Mm 

rids, per 

Temp , 

BcmarKs 



D i 
,1 

1 Cc 

i 

Cent 

Cent 

Cent 

C 


Dog 14 — Pei or 

1 

109 0 

1 j 

1 07 

0 3372 

01S24 

1 

31 ; 


35 

JIueus 

secretion pro 
duced bj 1 cc 

2 1 

105 1 

1 06 

01368 

None 

40 


40 

Mucus 

gastrin, dog m 
hot box 1 

1 

3 

103 4 

01 





45 

Mucus 

Aierage 1 expcri j 










ment 

4 

102 5 

00 





24 

Mucus 

Total 1 



14 

1 





i ^ 


Dog 1C — ^Normal, i 

1 

1 

101 3 

20 0 

0 4740 

0 4122 

17 



Clear 

secretion pro ' 
duced by 1 c c 
gastrin 

2 

101 4 

20 7 

0 5013 

0 4466 

18 


23 

Clear 

Aierage 3 experi 

3 

101 4 

17 7 

0 4922 

0 4375 

1 9 


23 

Clear 

ments 

4 

101 4 

11 2 

0 45S8 

0 4132 

17 


23 

Clear 

Total 

i 

1 

1 

69 6 







Dog 16 — Pever, 

1 

1 

109 9 

12 

01641 

O0S21 

25 


48 

Mucus 

secretion pro 
duced by 1 c c 

2 ) 

103 2 

03 

01732 

0 0274 



26 

Mucus 

gastrin dog in j 
hot box 

3 

102 2 

00 


1 



25 


Average 1 exper 
Total 

! 


1 5 


i 







Fig 4 — A, Composite chart of four experiments on Dog 12, showing char- 
acter of secretion produced bj subcutaneous injection of gastrin 

B, Composite chart of three experiments on Dog 12, showing character of 
secretion produced by gastrin during temperature elevation caused bv external 
heat 
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In view of the marked changes in gastric secretion in fever, these 
studies should be extended to other digestion secretions, especially 
those of the pancreas and the intestinal mucosa 

SUMMARY 

1 Duiing fever gastric secretion is diminished in volume and in 
total and free acid The percentage of chlorids is constant or only 
slightly reduced and pepsin is relatively increased The secretion is 
ropy and mucous in character 

2 External heat itself when sufficient to induce temperature eleva- 
tion of from 2 to 4 F , will cause the same changes m gastric juice as 
produced by fever 

3 Gastrin is unable to induce a secietion of gastiic juice during 
fever, as well as in a condition of temperature elevation due to external 
heat 

4 It IS suggested that during fever, toxins aie elaborated having 
a direct depressor action on the cells of the stomach so that they fail 
to react to the secretory nerve impulses and to the secretogogues 

We wish to thank Dr F C Koch for his kindness m furnishing us with 
the gastrin preparations used m our experiments 
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INFLUENCES OF EXTRARENAL FACTORS ON THE 
RENAL FUNCTIONAL TEST MEAL^^ 

WM G LYLE, MD, and HERMAN SHARLIT, MD 

NEW YORK 

FACTORS INFLUENCING TEST MEALS 

Seeking to investigate renal function in both healthy and diseased 
kidneys in terms of their response to their most accustomed stimula- 
tion, Hedinger and Schlayer^ studied their reaction to a twenty-four- 
hour standard diet Mosenthal,- continuing this method, revised then 
procedure and made it somewhat more adaptable to private practice 
and nonhospital patients His dietary contained about 13 4 gm of 
nitrogen, 8 5 gm of salt, and 1,760 c c of fluid, including a fair quan- 
tity of diuretic materials in the form of purins The twenty-four-houi 
diet was gn'^en in three meals at 8 a m , 12 m and 5pm The urine 
was collected at two hour intervals from 8 a m , to 8 p m , and a night 
specimen from 8 p m to 8 a m of the following day , but no three 
day fixed diet was demanded preceding the last day, as was suggested 
by Hedinger and Schlayer Furthermore, Mosenthal felt there was no 
essential need for following out exactly the kind of meal he outlined, if 
only the subject partook of his three accustomed meals a day, took no 
food or drink between them, and followed the directions given for the 
collection of urine 

This procedure proved to be, m his opinion, an excellent one for 
the test of renal function His normal subjects returned two-hour 
urinary specimens that varied 10 points in specific gravity between the 
highest and the lowest (later 9 points were accepted as the minimum 
normal variation) And the night urine was 1 018 or more in specific 
gravity with its nitrogen concentration above 1 per cent and a total 
volume of 400 c c or less The quantitative excretion of nitrogen, salt 
and water approximated the intake With a renal function impair- 
ment, the earliest change appeared in the night urine, the quantity 
increased, the specific gravity lowered and the nitrogen concentration 
was reduced Severe functional derangement manifested itself by a 
much lowered and constantly fixed specific gravity in all specimens and 
a diminished output of nitrogen, salt and water Later, Mosenthal 

■*' Submitted for publication Dec 20, 1917 

■^From the Harriman Research Laboratory and the Pathologic Laboratorj of 
the Roose\elt Hospital 

1 Hedinger and Schlajer Deutsch Arch f klin Med 1914 114 , 120 

2 Mosenthal The Archu-es Int Med , 1915, 16 , 733 
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and Lewis^ in comparing several of the approved tests for renal func- 
tion, namely, the phenolsulphonephthalem, nonprotem mtiogen and 
urea content of the blood, Ambard coefficient of uiea excretion and the 
test meal, found the latter to be the most sensitive, in that it was lela- 
tively the first to disclose any degree of lenal inefficiency 

Aware of the possibilities of the influence of extrarenal factois on 
the test meal reaction, we undertook to study the degree of uniformity 
of response to the test meal by the same individual, the extent to which 
a lack of such uniformity might interfere with unqualified interpreta- 
tions of the results, and to disclose, if possible, extra renal factors that 
may have operated to produce such variations in reactions All oui 
subjects were persons going about then duties and leading their accus- 
tomed lives They were fed a standard diet, approximating that out- 
lined by Mosenthal at a special diet kitchen, associated with the Labora- 
tory of Roosevelt Hospital Each took the test meal for two, three or 
more days, usuall}'- consecutively, and carried out with care the instruc- 
tions as to the collection of mine and abstinence from food and drink 
between meals 

As concluded by Mosenthal, and too, as a result of our experiments 
(which already include over 200 test meals) variations m the specific 
gravity of the two-hour specimen of urine, and the volume and char- 
acter of the night specimen, appear to be an index to the state of renal 
function, as elicited by the test The reaction of the kidney to the 
stimulus of the food given in the test meal truly represents the reaction 
for which the test was conceived and shows the actual renal factois 
involved in the reaction Influences from other sources serving to 
significantly affect the specific gravity variations, the volume or the 
nitrogen concentration of the night specimen must be looked at as com- 
plicating extrarenal factors The variations in specific giavity of the 
two-hour urinary specimens are functions of both the volume of fluid 
and amounts of solids excreted during each period, and it is quite 
apparent that extrarenal influences on one or the other of these factors 
can influence the periodic specific graMty variations 

As for the excretion of water, the skin and lungs as well as the 
kidneys are excretory organs The loss of water from the body surface 
is subject to the physical laws which govern water evaporation and 
selves definite purposes Hence the influence on such fluid loss of 
atmospheric temperature, humidity and rate of air circulation This 
loss of water is a vehicle for the dissipation of body heat and is a factor 
m the mechanism for regulation of body temperature The remarkable 
constancy of body temperature in health stamps the mechanism of its 
legulation, and thus the operation of its seieral factors, as exceedingly 


3 Mosenthal and Lev IS Jour Ain Med Assn , 1916, 67 , 933 
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persistent It is thus accorded priority over less persistent body func- 
tions and fluid supplied the kidneys for excretion must be secondary to 
the demand made at that time on the body fluids by the temperature- 
regulating mechanism 

Investigating with the calorimeter the question of water excretion, 
Rubner^ found that at a constant atmospheric temperature the water 
loss by skin was directly proportional to the relative humidity, an 
increase of water loss with an increase of atmospheric temperature, 
and further, that about 21 per cent of body heat produced was dissi- 
pated by water evaporation Gephart and Du Bois° estimated the 
amount to be in the neighborhood of 24 per cent Wolper and Peters,® 
studying the daily curve of water excretion through skin and lungs, 
found that it was not influenced by the time of day, as such, but was at 
a minimum during the late night hours or the day hours of sleep In 
other words, it was at a minimum when metabolism was at a mini- 
mum Further, the intake of food had no influence on the curve of 
excretion They found an average excretion of 70 gm of water per 
hour at 24 C , and 65 per cent relative humidity when the air was still 
Laschtschenko,'^ investigating the effect of water intake on water excre- 
tion from skin and lungs, found that it exerted no influence whatever 
To summarize then water loss by skin and lungs takes precedence over 
excretion by kidney, it is lowest when metabolism is lowest, it is not 
influenced by the intake of food or fluids and under ordinary circum- 
stances must be nearer a liter (in the active man) than the 400 cc 
allowed by Mosenthal ® The fluid supply to the kidney consequent 
to such a preferential demand by the skin is gaged by the condition of 
water balance of the body, which, in turn, is manifestly influenced by 
the water intake 

The reactions of Subjects S and B given in Tables 1 and 2, illus- 
trating the tendency of the responses of most of our subjects to the 
test diet when taken for a few consecutive days, show a tendency 
toward concentration and reduction in the range of variations in 

4 As quoted by A J Kalman, Pfluger’s Arch f Physiol , 1906, 112 , 561 

5 Gephart, F C , and Du Bois, E F The Archives Int Med , 1916, 17, 902 
The exact percentage of total heat given up to evaporation of water as found by 
an in\ estigator is of course greatly influenced by the physical condition prevailing 
in the colorimeter, temperature, relative humidity and rate of air circulation 

6 Wolpert and Peters Arch f Hj'g , 1906, 60, 299 

7 Laschtschenko Arch f Hyg 1898, 33, 145 

8 Assuming 2,500 calories for the daily metabolism of a fairly active indi- 
vidual, and allowing a heat dissipation via water evaporation as equivalent to 
25 per cent of the total metabolism, the actual water production in such a case 
would be as per calculation as follows 25 per cent of 2,500 cal = 625 cal ,06 

625 

cal for evaporation of 1 c c HO = 1,041 cc H-0 


06 



TABLE 1 — Showing Urinary Reaction on a Test Diet 

Student S , aged 22, laboratory assistant in good health 





N'trogen 

Sodium Ohlorid 

Date 

Volume, 

Specific 








Per Cent 


C c 

Gravity 

Gm 

Per Cent 

Gm 1 

1 

12/6/16 







8-10 am 

140 

1022 





10 - 12 m 

265 

1020 



' 


12 2pm 

120 

1 014 



1 


2 - 4 p m 

354 

1012 



1 


4 6pm 

146 

1 018 





6 - 8 p m 

194 

1010 





Total day 

Total night, 8pm- 

1,519 


710 

0 47 

114 

0 75 

Sam 

1 

340 

1026 

3 69 

1 00 

3 35 

0 99 

Total 24 hours 

1,859 


10 79 


14 75 


2/5/17 

8-10 am 

105 

1 022 





10 12 m 

200 




/ 


12 2pm 

156 

1022 





2-4 pm 

154 

1023 


i 



4 6pm 

187 

1021 





6 8pm 

242 

1016 





Total day 

Total night, 8pm- 

1044 




710 

0 68 

Sam 

540 

1018 



3 60 

0 66 


' — ■ 




- 


Total 24 hours 

1 384 


1 


10 70 


2/6/17 

8-10 am 

80 

1 020 

1 


1 


10 - 12 m 

135 

1021 





12 - 2pm 

330 

1 016 





2 - 4pm 

I ISO 

1 024 




1 

4 - 0 p m 

130 

1 025 





6 8pm 

175 

1022 





Total day 

1,030 


8 6 

0 83 

1 

6 7 

0 65 

Total mght, 8pm- 



Sam 

380 

1 024 

27 

0 72 

25 

0 65 

Total 24 hours 

1,410 


11 3 

1 

1 

92 


2/7/17 

8 10 a m 

105 

1022 





10 12 m 

175 

1022 





12 - 2pm 

185 

1024 





2 - 4 p m 

165 

1024 





4 6pm 

120 

( 1 0''6 

1 




6 - 8pm 

335 

1 015 





Total daj 

Total night, S p m - 

1,085 

— 

12 0 I 

11 

1 

71 ^ 

0 C5 

Sam 

610 

1010 

68 1 

1 1 

4 2 


Total 24 hours 

1,095 1 

1 

1 

1 

; 18 8 j 


11 3 
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TABLE 1 — Showixg Urix\ry Rcxctton ok a Test Diet — {Continued) 


Date 

Volume, 

Cc 

Specific 

Gravity 

1 

Nitrogen 

Sodium Ohlorid 

Gm 

Per Cent 

Gm 

Per Cent 

2/8/17 


j 





S 10 a m 1 

t j 

60 

1025 





10 12 m 

108 

1026 





12 2pm 

156 

1 023 





2 4pm 

126 

1 025 


1 



4 - 6pm 

lOO 

1 027 





0 8pm 

ISl 

1025 





Total day 

681 


48 

0 70 

2 2 

0 66 

Total night, S p m - 




i 



Sam 

325 

1 025 

2 5 

0 77 

21 

0 65 

Total 24 hours 

1,006 


73 

1 

43 


2/9/17 







S - 10 am 

72 

1 027 





10 12 m 

GO 

1 028 





12 - 2pm 

98 

1 029 





2 - 4pm 

94 

1 029 





4 6pm 

i20 

1 029 





6 - 8pm 

132 

1025 





Total daj 

57G ' 


51 

0 89 

41 

0 70 

Total night, 8pm- 







Sam 

400 

1027 

51 

1 27 

26 

0 60 

Total 24 hours 

976 


10 2 


6 7 



Ihe subject complained verj much of thirst the last two days of the test On the 
single day (December 6) there was a variation of specific gravity from 1 012 to 1 022, 10 points 
Beginning with February 5, the variations between maximum and minimum for live consecu 
me days are 7, 9, 11, 4 and 4 points 


Specific gravit)'’ of the two-hour specimens The total fluid output fell 
steadily from day to day (2, 7 , 17 , Table 1 excepted) and the sodium 
chlorid elimination fell hkeivise The nitrogen excretion was not defi- 
nitely interfered with by the progressive tendency toward oliguria 
This change in response of the kidney appears in spite of the identical 
stimulus to the kidney of food and fluid intake In general terms, such 
reactions as these are explained as due to an effort on the part of the 
body to prevent depletion of its fluids in order to keep constant the 
concentration of its solids It is difficult to explain what factors 
operated in any particular day’s reaction to compel conservation of 
body fluids This conser^ ation might have been due to excessive pref- 
erential demand for vater by the skin, resulting from a marked increase 
in metabolism or exposure to atmospheric temperature and relative 
humidity most favorable for water evaporation On the other hand, 
the \olume of fluid ingested may ha^e been too low for the subject or 
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the solid intake too high When these latter factors are operating the 
concentration and fixation of specific gravity would become progres- 
sively more marked as the test days went on^ as illustrated by the cases 
just outlined, then again, the test meal might have been given at a time 
when the tissues were in a state of fluid depletion In all events, it 
appears that the water balance of the body is in a state of apparently 

TABLE 2 — Urinary Reactions on a Test, Dipt 


Subject B, aged 25, physician on house staff m good health 





1 « 


1 





Nitrogen 

Sodium Ohlond 

Date 

i Volume, 

Specific 










j Cc 

Gravity 

Gm 

Per Cent 

Gm 

Per Cent 

2/13/17 

S 10 a in 

120 

1 

1 026 1 





10 12 m 

160 

1025 


i 



12 - 2pm 

216 

1024 





2 - 4pm 

128 

1020 

1 





4 6pm 

104 

1029 





6 8pm 

85 

1031 





Total dav 

Total night 8pm- 

SIS 


6 7 

0 82 

61 j 

0 75 

Sam 

303 

1029 

38 

12 

21 

0 68 

Total 24 hours 

1,116 


10 5 


82 


2/14/17 

S 10 a m 

82 

1028 





10 12 m 

102 

1026 





12 - 2pm 

100 

1029 





2 4 p ra 

120 

1028 





4 - c p m 

90 

1030 

j 




6 8pm 

70 

1028 


j 

j j 

I 1 


Total day 

Total night, 8 p m - 

582 

i 

63 

11 

1 

79 

1 3 

Sam 

276 

1 031 1 

39 

1 4 

10 i 

0 36 

Total 24 hours 

858 


10 2 


89 1 


2/15/17 

S 10 a m 

74 

1029 i 

1 



! 


10 - 12 m 

55 

1030 





12 - 2pm 

124 

1028 i 





2 4pm 

70 

1029 





4 - 6p m 

SO 

1 033 





6 - S p m 

49 

1 031 





Total c^a^ 

Total night, 8pm- 

452 


61 

1 4 

34 

0 74 

Sam 

342 

1031 

52 

1 5 

25 

0 74 

Tot il 24 hours 

794 


11 3 


59 



The specific graMtj varntions for the three consecutive da\E are 11, 4 and 5 points 
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fine adjustment m the healthy individual, and this balance the body 
strongly seeks to maintain Nor is it difficult to appreciate how the 
effort to preserve such a balance will, in a great measure, influence the 
maximum specific gravity in the test meal reaction, as well as the maxi- 
mum variation therefrom 

Table 3 discloses the interesting fact that with the successive reduc- 
tion of the total twenty-four-hour volume of urine there was a ten- 
dency toward a percentile increase of the night volume, or, in other 
words, a tendency toward a constancy of night volume in spite of suc- 
cessive diminutions in daily total volumes It is to be recalled in this 
connection that water loss from the skin is at a minimum during the 
sleeping hours and consequently there is relatively more water avail- 
able to kidney for excretion during that time An extrarenal factor 


TABLE 3 — Showiisc Perclntile Increase of Night Over Dvy Volume 


Date 1 

! 



Subject S 



Subject B 

12/G 

2/5 

2/6 

2/7 

2/8 

2/9 

2/13 

2/14 

2/15 

Totnl day vol c c 

1,519 

1,044 

1,030 

i 1,085 

681 

576 

813 

582 

432 

Total night vol cc 

340 

540 

380 

1 610 

325 

400 

303 

276 

342 

Total 24 hr vol , o c 

1,859 

1,584 

1,410 

i 1,095 

1,000 

970 

1,116 

858 

794 

Percentile ratio ol 
total night to 24- 
hour volume 

18 

1 

I 34 I 

’7 

36 

32 

41 

27 

32 

43 


of a different order which will be mentioned later, howevei, may be 
the contributory cause in the test day of Feb 7, 1917, of Subject S , 
where the night volume equaled 56 per cent of the total twenty-four- 
hour volume It is pertinent to recall in this connection the findings 
of Quincke,® who, in studying the urinary output of subjects who were 
not ill of nephritis, found that the average hourly output of the early 
morning hours (from 5 to 8 a m ) was far greater than that for the 
twenty-four hours or the total night hours To what extent, we may 
ask, did the minimum loss of water by skin and lungs during the night 
render possible the availability of fluids for the kidney at a time so 
removed from the last hours of water intake^ 

Mosenthal recognized the tendency toward a fixation of specific 
gravit}’^ at a high concentration in healthy subjects with oliguria,' and 
allows for it in a measure by taking the highest specific gravity of the 
dav as a basis for estimating the normal variations in the urine of 
subjects taking the test meal 


9 Quincke H '\rch f Exper Pathol, 1877, 7, 115 
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It IS \yell known that exposure to cold and chilling of body surface 
induce an increased flow of urine The causes of this phenomenon are 
apparently not identical in every instance and probably vary in particu- 
lar cases Several factors may have operated in the production of the 
diuresis In the first place, the chilling of the body surface may have 
caused a constriction of surface vessels, secondary to which splanchnic 
dilatation to some degree, including renal vessels, might occur Sec- 
ondly, the peripheral vasoconstriction shuts off water loss by evapora- 
tion from the skin, thereby allowing an increase of fluids at the dis- 
posal of the kidney Thirdly, one must consider the possibility of the 
response of the kidney through a nervous mechanism with the stimu- 
lation of the skin by cold as the source of the afiferent impulse 

Jungman^® demonstrated by cerebral stimulation in animals that 
this nervous mechanism was not merely the expression of a vasomotor 
reaction, as shown by the character of the urine during the diuretic 
period This latter fact had not been studied by Ashner and Bechterew, 
who, prior to Jungman, had investigated diuresis produced by cerebral 
stimulation Jungman, keeping his animals on a fixed diet and com- 
paring the urine of control days and immediate foreperiods with the 
period immediately following cerebral stimulation, found that the urine 
of the diuretic period contained an increase of sodium chlond, due 
both to an increase in volume and in concentration, this at times reach- 
ing tenfold that of the control period and even exceeding at times the 
chlond concentration in the blood Furthermore, separate specimens 
of urine drawn off at different times during a single diuretic period 
showed the volume and sodium chlond concentration to be mutually 
independent The absolute nitrogen output was found to be fairly con- 
stant All these findings were independent of water intake, which was 
determined by control experiments Jungman, on the basis of these 
results, suggested that the stimulation of the renal epithelium might 
be a factor, and that vasomotor reaction was not the only phenomenon 
to explain the result of this nerve stimulation 

The reactions of Subject O > as given in Table 4, show how chilling 
of the body surface can affect the test meal reaction 

On the first day, Feb 13, 1917, the heating apparatus was shut off 
in the laboratory, and Subject O feeling uncomfortably cold all day, 
passed a total day volume of 1,864 cc as against 847 cc, 1,103 cc 
and 672 c c on the three subsequent days With this as the probable 
extrarenal factor, the diuresis was practically continuous all day, the 
specific gravity varying at the most 5 points, though the concentration 
was correspondingly lower Again, on the night of the third test day, 
Feb 15, 1917, after walking an hour and a half in the cold, he passed 


10 Jungman Munclien med Wchnschr , 1913, 2, 1760 



TABLE 4 — Showing How Reaction is Affected by Chilling of Body 

Surface 

Subject O, aged 25, laboratory assistant In good health 





Nitrogen 

Sodium Ohlorid 

Date 

Volume, 

Specific 










0 c 

Gravity 

Gm 

Per Cent 

Gm 

Per Cent 

2/13/17 

8 10 a m 

286 

1 017 





10 12 m 

238 

1015 





12 - 2pm 

322 

1020 





2 4pm 

310 

1 020 





4 (i p m 

430 ! 

1017 





6 8pm 

278 

1016 





Total day 

Total night, 8pm- 

1,864 


9 30 

050 

14 1 

0 76 

8am 

630 

1 019 

52 

080 

43 

0 68 

Total 24 hours 

2,494 


14 5 


18 4 


2/14/17 

8 10 a m 

74 

1024 





10 12 m 

118 

1 027 





12 2pm 

135 

1 025 





2 - 4 p m 

184 

1025 





4 - Gp m 

138 

1027 

! 




6 S p m 

198 

1023 

1 




total day 

Total night, 8pm- 

847 


12 0 

1 4 

63 

0 75 

Sam 

280 

1029 

48 

1 7 

20 

0 70 

Total 24 hours 

1,127 


16 8 ' 

1 


83 


2/13/17 

8 10 a m 

50 

1 

1025 ' 





10 12 m 

194 

1020 





12 2pm 

133 

1020 





2 4pm 

340 

1 021 





4 (i p m 

' 138 

1019 





(i 8 p m 

! 248 

1015 


1 



Total dn\ 

total night, S p m - 

1,103 


93 

0 84 

84 

0 76 

Sam 

790 

1 016 

56 

0 70 

60 

0 76 

total 24 hours 

1,893 

1 


14 9 


14 4 


2/10/17 

j 






S 10 a m 

,2 

1026 





10 12 m 

98 

1 024 





12 2pm 

1 

1 025 





2 4 p in 

J 163 

1 020 





4 G p m 

.r, 

1027 





G 8pm 

1 128 

1 029 





Total day 

Total night 8pm- 

t72 

1 


92 

1 37 

51 

0 76 

Sam 

290 


56 

1 92 

1 9 

0 64 

Total 24 hour' 

9G2 


14 8 


70 
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about 500 c c of his total night specimen of 790 c c at 10 30 p m For 
the four test meals, the absolute nitrogen elimination for the twenty- 
four hours was relatively constant, both in the total night and day speci- 
mens, and as a necessary corollary the nitrogen concentration varied 
inversely as the volume The sodium chlorid concentration throughout 
the period was very constant, the increased volume not reducing, but 
showing rather a tendency toward increasing it The sodium chlorid 
output varied considerably, therefore, with the fluctuations in the 
volume of urine These urinary findings coincide with those of 
Jungman in the diuretic specimens, resulting from the stimulation of 
the fourth ventricle The influence of cold must be considered, for 
It can interfere considerably with the correct interpretation of the test 
meal Even as an influence for part of the day it will increase or 
decrease the maximum variation of the specific gravity, depending on 
whether the specific gravity of the specimens outside the period of its 
operation were high or low At night, especially, if the room is cold 
and the subject happens to throw off some of the coverings during 
sleep, thus exposing the body surface, the urinary findings may be 
identical with those descnbed by Mosenthal as the earliest signs of 
impairment of renal function Influence on the renal nervous mechan- 
ism by emotional states could affect the reactions m a similar way 

Subject P, aged 44 Her symptoms had been headache, dyspnea and weak- 
ness Hemoglobin 78 per cent , blood pressure 165/110, eyegrounds, slight 
arteriosclerosis Phenolsulphonethalem output, Feb 14, 1917, 58 per cent m two 
hours Blood picture, Feb 14, 1917, nonprotein nitrogen 42, creatinm 096, uric 
acid 3 8 mg per 100 c c The urine showed a faint trace of albumin and a few 
hyaline casts, with negative findings on several examinations 

Subject T, aged 45, had complained of occasional headache and dyspnea 
Blood pressure 165/110 Blood picture, March 5, 1917, nonprotein nitrogen 28, 
urea 32, creatinm 1 5, and uric acid 4 0 mg per 100 c c The urine showed a trace 
of albumin and many hyaline and granular casts 

Of the group of subjects with definite renal involvement we submit 
the reactions of two who previous to the test were on restricted diets 
for several months and who at the time of the tests were subjectively 
free of any symptom consequent to renal insufficiency We are here 
afforded an opportunity to observe the effect of dietary treatment on 
renal function as evidenced by this test, and, what is more to our 
present purpose, the influence on the degree of reliability of the test 
meal findings with the omission of the fixed diets for the several days 
preceding the test as suggested by Hedinger and Schlayer 

Though no specific effort was made to investigate the effect of a 
previous dietary, the response of Subjects P and T to the test meal 
add further data to the discussion of nitrogen excretion m nephntics 
having difficulty with nitrogen elimination They had been put on a 
diet low in nitrogen and high in fluids, drinking usually a gallon of 



TABLE 5 — Reactions of Subject P 


/JPC/f 


Date 

Volume, 

Oc 

Speciflo 

Gravity 

Nitrogen 

Sodium Chlond 

Gm 

Per Cent 

Gm 

Per Cent 

2/13/17 







8 10 a m 

336 

1009 





10 - 12 m 

290 

1012 





12 2pm 

285 

1011 





2 - 4 p m 

120 

1020 





4 - 6pm 

134 

1017 





6 - 8pm 

58 

1023 





Total day 

1,223 


44 

0 38 

77 

0 63 

Total mght, 8pm- 







Sam 

240 

1023 

24 

099 

16 

068 

Total 24 hours 

1,463 


68 


93 


2/15/17 







8 10 a m 

25 

1 030 





10 - 12 m 

65 

1020 





12 - 2pm 

46 

1023 





2 - 4pm 

74 

1020 





4 - 6pm 

171 

1018 





C - 8 p m 

58 

1025 





Total daj 

439 


43 

0 98 

32 

0 73 

Total mght, 8pm- 







Sam 

888 


41 

0 46 

65 

0 74 

Total 24 hours 

1.327 


84 


97 


2/16/17 







8 10 a m 

71 

1019 





10 - 12 m 

130 

1017 





12 2pm 

93 

1022 





2 - 4pm 

90 

1018 





4 - 6pm 

110 

1019 





6 8pm 

71 

1027 





Total day 

5G5 


4 5 

0 79 

41 

0 73 

Total mght, 8pm 







Sam 

350 

1021 

31 

0 90 

26 

0 75 

Total 24 hours 

915 


76 


67 


2/20/17 







8 10 a m 

166 

1017 





10 12 m 

65 

1021 





12 - 2pm 

82 

1020 





2 4pm 

85 

1022 





4 6pm 

128 

1022 





0 8pm 

124 

1025 


i 



'I otal dnv 

650 


4 5 

0 75 

4 2 

0 70 

Total night, 8pm 







Sam 

590 


40 

068 

4 1 

0 69 

lotnl 24 hours 

1,240 


85 


83 
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water a day This was continued until the test meals were given The 
reactions for the first day appear comparatively normal in both, allow- 
ing for the results that follow oliguria in Subject T In the successive 
test days, however, the findings correspond to the reaction of inter- 
stitial nephritics — an increased night volume, reduced nitrogen concen- 
tration (except that of Feb 16, 1917, Table 5) They show on all 
days, however, nitrogen retention The absolute nitrogen outputs 
show a fair degree of constancy for each of the consecutive days, and 


TABLE 6 — Reaction of Subject T 





Nitrogen 

Sodium Chlorid 

Date 

Volume, 

Specific 










Oc 

Gravity 

Gm 

Per Cent 

Gm 

! 

Per Cent 

i 

3/5/n 

8 - 10 a m 

40 

1024 




9 

10 12 m 

36 

1028 





12 - 2pm 

96 

1026 





2 4pm 

46 

1024 





•} 0pm 

76 

1027 




1 

6 - 8pm 

90 

1025 





Total day 

Total night, 8pm 

384 


65 

14 

40 

105 

8am 

240 


40 

17 

22 

0 92 

Total 24 hours 

624 


95 


62 


3/0/17 

8 - 10 a m 

78 

1023 





10 - 12 m 

168 

1019 



! 


12 - 2pm 

164 

1021 


1 

t 1 


2 - 4 p m 

304 

1016 





4 - e p m 

114 

1014 





6 - 8pm 

292 

1013 





Total day 

Total night, 8pm 

1.120 


1 

64 

0 62 

T G 

0 74 

Sam 

495 


38 

0 72 

40 

0 81 

Total 24 hours 

1,615 


10 2 


11 (i j 

1 


3/7/17 

8 - 10 a m 

72 

1023 



1 


10 - 12 m 

60 

1019 



! 


12 2pm 

98 

1023 



i 

t 

i 


2 - 4 p m 

121 

1019 





4 - 6pm 

76 

1022 





6 - 8p m 

lOS 

1025 





Total dav 

Total night, 8pm- 

525 


49 

0 93 

52 

10 

Sam 

670 


39 

058 

67 

10 

Total 24 hours 

r 

1,195 


88 


11 9 
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TABLE 7 — Summary 


Night Urine 


Name and 
Date 

Ma-^imal 

Specific 

Gncity 

Maxi 

mal 

Varia- 

tion 

Volume, 

Cc 

Specific 

Gravtij 

Nitrogen 
per Cent 

Per Cent 
Above 
or 

Below 

400 Oc 

Per Cent 
Above or 
Below 1%N 
Concen 
tration 

Normal 

Subjeet S 
me> 

1022 

10 

340 

1026 

10 

—15 

0 

2/5 

1 023 

7 

540 

1018 


-1-35 


2/b 

1025 

9 

380 

1 024 

0 72 

—5 

-28 


1 025 

9 

610 

1016 

11 

+53 

+10 

2/8 

1 027 

4 

325 

1 025 

0 77 

—19 

-23 

2/9“ 

1 029 

4 

400 

1027 

1 27 

0 

+27 

Subject 0 

2/13 

1025 

8 

590 

1015 

0 68 

+48 

-32 

2/14 

1 027 

4 

2S0 

1029 

1 7 

—30 

+70 

2/15 

1 025 

5 

700 

1 017 

07 

+98 

—30 

2/U. 

1 029 

9 

290 

1029 

193 

-27 

+'3 

Subject D 
it 5 

1025 

18 

315 

1023 

1 1 

—21 

+10 

3/ C 

1021 

14 

210 

1027 
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an equal degree for the day and night specimens when their elimina- 
tions are separately considered The constancy appears to he one of 
total rather than of percentile elimination Thus, Subject T , having 
difficulty with nitrogen elimination, can concentrate nitrogen as high 
as 1 7 per cent in night specimens, and Subject P , as high as 099 per 
cent Such variations in nitrogen concentration can appear, then, in 
the urine of individuals who have difficulty with nitrogen elimination, 
and it seems possible that a long continued diet low in nitrogen and 
high in fluids might have enabled them to respond quite normally, for 
one day anyway, to the renal test meal, though no concomitant power 
for increased total nitrogen elimination is evident 

A fair index of the reliability of any judgment based on a single 
test meal reaction in active individuals, healthy, or with slight, though 
definite, renal involvement, can be gathered from Table 7 Degrees 
of variations of specific gravity between maximum and minimum 
fluctuate markedly, and the variations do not necessarily dimmish with 
the increase of maximum specific gravity, but may be quite the reverse 
(Subject D ) The night volumes, too, show decided fluctuations, vary- 
ing, as in Subject O , from 98 per cent above 400 c c to 27 per cent 
below it on the following day The nitrogen concentration of the night 
specimen shows a similar tendency to vary significantly above and 
below 1 per cent (Subject T ) ; and the higher nitrogen concentration 
may occur with the specimen of lowest specific gravity (Subject S, 
Feb 7, 1917) Finally, the range of variation of the composite test 
meal reactions is quite sufficient to enable one, by selective comparison, 
to demonstrate at times, on the basis of the accepted method of inter- 
pretation, the better reaction for the poorer kidney 

SUMMARY 

The kidney is called on during the course of a day to respond to 
many influences other than the stimulus of ingested food 

Such extraneous influences are extrarenal factors affecting the test 
meal reaction 

Some of the factors we have been able definitely to identify, such 
as (1) the effect of the state of water reserve of the tissues and 
(2) the chilling of the body surface 

These factors can function significantly to distort the test meal 
reaction when viewed in the terms suggested by Mosenthal 

When so functioning they affect chiefly the fluid element in the test 
meal reaction complex , and this mainly by virtue of the fact that the 
skin and lungs make a preferential and significant demand on body 
fluids, whereas the excretion of solids by the skin and lungs is practi- 
cally negligible 



380 


J¥ G LYLE—H SHARLIT 


arch m 


These varying extrarenal influences are sufficient to require judg- 
ment with reservation as to renal functional efficiency on the basis of 
the suggested method of test meal interpretation, especially 

1 On the basis of a single test meal (unless the reaction gives evi- 
dence of marked renal insufficiency) 

2 In individuals who are well enough to be about and are exposed 
to the diverse influences of temperature, relative humidity and rate of 
metabolism 

3 In cases in which no strict control of the dietary of the test meal 
IS attempted 

By reason of these circumstances, early diagnosis, by this method 
of renal insufficiency, is hazardous unless frequent tests consistently 
show renal involvement 

Studied as groups, the several classes of kidney nephropathies 
have presented the various types of pictures described for them by 
Mosenthal This last statement we submit as a summary of our find- 
ings in over 200 routine test meals to nephritic patients in the medical 
ward of Roosevelt Hospital 



A STUDY OF PAROXYSMAL TACHYCARDIA, WITH 
ESPECIAL REFERENCE TO TACHYCARDIA 
OF VENTRICULAR ORIGIN 

WARREN T VAUGHAN, MD 

BOSTON 

Since 1913 there have been under observation m the wards of the 
Peter Bent Biighani Hospital eighteen patients with rapid heart posses- 
sing the characteristic features of paroxysmal tachychardia , namely, 
sudden onset and offset, constant, regular, rapid rate and typical elec- 
trocardiographic tracings These cases present, for the most part, the 
usual, oft described histones and physical findings In the majority of 
cases the pacemaker lies in the auricle, as demonstrated graphically 
Of this type there were sixteen cases 

The second type includes such cases as show a ventricular origin 
,of the impulse, during the paroxysms This occurs surprisingly infre- 
quently Occasion is therefore taken to summarize briefly the previous 
similar cases that have found their way into the literature and to add 
two from our own series 

Reports of cases electrocardiographically showing ventricular tachy- 
cardia and similar electric complexes are infrequent We herewith 
present a brief summary of descriptions of this and allied conditions 

Harp reports a case of paroxysmal tachycardia, with paroxysms 
arising from impulses of ventricular origin, from which we quote at 
some length because of the similarity to one of our cases The patient 
had for one year been troubled with palpitation and dyspnea, with some 
cough and mucous expectoration, but with no edema of the legs The 
heart was not enlarged and was essentially negative, except for a soft 
blowing systolic murmur heard at the apex The slow, regular rhythm 
was frequently interrupted by premature beats, followed by pauses, and 
again by short periods of rhythmic tachycardia at a rate of approxi- 
mately 200 per minute The paroxysms lasted from a few seconds to 
three minutes and gave much precoidial distress The premature beats 
frequently gave a bigeminal or trigeminal character to the pulse After 
leaving the hospital the patient was seen several times, employed in 
the heaviest kind of labor, and feeling perfectly well Electrocardio- 
grams during the slow period showed a reduplicated P-wave, increased 
P-R interval, and a ventricular complex ivhich was prolonged so as to 

* Submitted for publication Dec 6, 1917 

*From the Medical Service of the Peter Bent Brigham Hospital 

1 Hart, T Stuart Parox 3 ’^smal Tachycardia, Heart, 1912, 4, 128 
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occupy 0 45 second Diastole lasted 0 33 second During the 
paroxysms the curves were identical in character to those of preceding 
ventricular extrasystoles and indicated also what was taken to be a 
reversed auricular activity due to the passage of the stimulus from 
the ventricle to the auricle During the paroxysms alternation was in 
evidence The premature ventricular contractions were sometimes of 
left-sided apical type, sometimes of right-sided basal type Hart con- 
cluded that his case of paroxysmal tachycardia offered evidence of 
damage to considerable portions of the myocardium, because of 

(1) damaged auricular tissue (abnormal P complex, dropped beat), 

(2) damaged junctional tissue (lengthening of P-R interval) , 

(3) damaged ventricular tissue (abnormal QRS complex, ventricular 
beats of two types, periods of tachycardia, composed of ventricular 
premature beats, alternation) 

Lewis^ reports a paroxysm of tachycardia shown electrocardio- 
graphically to be of ventricular origin, which was of approximately five 
minutes’ duration Experimentally he has produced, by ligation of a 
coronary artery, and by the administration of poisons such as digitalis, 
aconitin and muscarm, a sequence of events corresponding quite 
accurately to those described in the case reported in this paper , namely, 
ventricular extrasystoles, followed by ventricular tachycardia of short 
duration If the experiment, such as ligation of the coronary artery, 
is continued the ventricular tachycardia increases in rate to 300 or even 
450 beats per minute and then goes over imperceptibly into fibrillation 
of the ventricles 

Lewis^ also reports a case which over a period of years showed 
single and successive extrasystoles, indicated by the electrocardiograph 
to be of ventricular origm The greatest number of successive ven- 
tricular extrasystoles recorded in this patient was eleven These formed 
the characteristic regular, rapid rhythm with which we are dealing 
Bigeminy and trigeminy were of frequent occurrence The patient on 
frequent admissions usually showed moderate symptoms of impaired 
heart action such as shortness of breath on exertion, precordial uneasi- 
ness and palpitation 

Cohn and Fraser^ report a case of “paroxysmal tachycardia of 
doubtful, possibly ventricular, origin” in which the paroxysms were 
controlled by pressure, especially over the left vagus nerve The 
paroxysms of tachycardia appear to have been of longer duration than 
those described by Lewis and by Hart and there was absent the high 

2 Lewis, Thomas Mechanism of the Heart Beat, London, 1911 

3 Lewis, Thomas Single and Successive Extrasystoles, Lancet, London, 1909, 
1 , 382 

4 Cohn, Alfred E , and Fraser, Francis R Paroxysmal Tachycardia and the 
Effect of Stimulation of the Vagus Nerve by Pressure, Heart, 1913, 5, 93 
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incidence of ventricular extrasystoles Premature ventricular beats 
were, however, recorded at the onset of some of the periods of tachy- 
cardia, but the curves following these single beats showed a different 
complex, thereby indicating that the pacemaker was not located at the 
same point in the ventricular muscle as was the site of origin of the 
preceding extrasystoles 

Lea® reports a very interesting case of auricular fibrillation asso- 
ciated with a high degree of aunculoventncular block and with attacks 
of paroxysmal tachycardia This case had presented the findings of 
auricular fibrillation for probably two years previously Administration 
of digitalis produced first, partial heart-block, then complete heart- 
block, and then there ensued, at intervals, paroxysms of rapid, regular 
rhythm showing by the polygraphic tracings the ventricular type of 
venous curve From accurate measurements Lea assumes that the 
ectopic beats are of ventricular origin Premature beats between 
paroxysms were relatively frequent He suggests that this new rhythm 
formation may be the result of digitalis action and notes that within a 
few hours after the discontinuance of digitalis, the attacks disappeared 
entirely The highest number of consecutive beats recorded in a single 
paroxysm was 59, occurring during a period of 29 5 seconds, with a 
pulse rate of 120 No electrocardiograms were made 

White® describes a case of gross cardiac arrhythmia which without 
graphic study might easily have been mistaken for auricular fibrillation 
The condition resulted from an unusual combination of ectopic ven- 
tricular contractions, arising from at least three different points in the 
ventricle, and with an occasional additional extrasystole of supraven- 
tricular origin Bigemmy was frequently present Only rarely were 
short runs of normal rhythm to be found Electrocardiograms showed 
the piesence of defective conduction in the right branch of the atrio- 
ventricular bundle 

A case is reported by Hoffmann' in which a paroxysm of auricular 
tachycardia was shown electrocardiographically to terminate with a 
series of atypical electrical complexes which persisted over a period of 
two seconds The onset of these atypical complexes was marked by 
two ventricular extrasystoles and the subsequent electrical variations 
corresponded quite remarkably to the curves obtained experimentally 
on the heart of a dog with ventricular fibrillation Following the last 
of these unusual complexes was a pause of approximately four-fifths 

5 Lea, E C Auricular Fibrillation with a High Degree of A-V Block, and 
Paroxysmal Tachycardia, Quart Jour Med , 1911-1912, 5, 388 

6 White, Paul D An Unusual T 3 'pe of Gross Cardiac Arrhythmia, Jour 
Am Med Assn , 1915, 65, 1276 

7 Hoffmann, August Fibrillation of the Ventricles at the End of an Attack 
of Paroxysmal Tachj^cardia in Man, Heart, 1911, 3, 213 
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second and then the heart took up a normal slow rhythm with occa- 
sional ventricular extrasystoles The events during these two seconds 
may have been due to successive ventricular extrasystoles arising in 
various portions of the ventricular musculature, but Hoffmann con- 
cludes that they were the result of ventricular fibrillation, his conclu- 
sion being based on the similarity to experimental curves obtained in 
the dog and on the fact that palpation over the carotid artery during 
this period showed complete absence of the pulse beat 

Out of a series of four cases studied by Butterfield and Hunt® one 
IS described in which the electric curves showed the presence of an 
undoubted ventricular origin The case was of a man who for some 
time had been suffering from auricular fibrillation, and with failing 
compensation the heart rate had risen to the neighborhood of 120 One 
day it suddenly rose to 150 and became quite regular This paroxysm 
lasted throughout four days Later, ventricular extrasystoles were 
frequent, and in all three leads the complexes of these extrasystoles 
correspond accurately to those of the paroxysm 

Two cases of the type not having the customary supraventricular 
origin of the tachycardia have occurred at the Peter Bent Brigham 
Hospital and are reported here 

REPORT or CASES 

Case 1 — A case of paroxysmal tachycardia showing impulses of auricular 
ongtn an5, later, of ventricular origin 

History — A H (P B B H Med No 5742), aged 21, was admitted to the 
wards Dec 9, 1916, complaining of “pain and palpitation of the heart ” His 
previous occupations had usually kept him indoors and had never been heavy 
work He denied history of alcohol, drugs, tobacco or venereal disease He 
drank no tea and but two cups of coffee daily Past history was negative with 
the exception of sore throat about twice each year and an attack of “rheumatism” 
in 1913, with which he was in bed from March 5 until July From his account it 
seems probable that the so-called rheumatism was not rheumatic fever He suf- 
fered cardiac pain for the first time in 1914 There were no other cardiac symp- 
toms until a year before admission, when he had his first attack of palpitation 
He V as a heavy eater and had occasional attacks of “dry heaves” which at times 
started his heart into “palpitation ” 

Present Illness — The present illness is as follows Palpitation on exertion 
first occurred one year previous to admission He had then dyspnea and no pain 
In the first half year he had only three or four of these attacks of presumably 
auricular tachycardia, but later he developed them as often as three or four 
times in a m eek As he described a typical paroxysm, the heart would beat about 
200 per minute, things would get misty, he would become dizzy, sometimes 
nauseated, and ith sudden cessation of palpitation he would feel all right again 
About two veeks before admission to the hospital the patient developed two 
unusuall}' severe attacks, one of which lasted three hours and the second over 
twentv-four hours He was in Chicago at the time and as he boarded the tram 
to return to Boston another attack started which lasted until he reached Boston 
He describes the trip as “terrible ” On arrnal the attack was stopped by pressure 


8 Butterfield, H G, and Hunt, G H Obser\ations on Paroxysmal Tachy- 
cardia, Quart Jour Med , 1913, 7, 208 
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on the eye This was one week before admission He had additional attacks 
of shorter duration during the interval, but they had changed markedly in char- 
acter from those previousl}' described He describes a typical attack now as^ 
follows The heart is thumping slowly, then comes one strong beat followed by 
a long pause and three or four short, small beats in rapid succession Then one 
or two strong beats again, which cause violent, painful throbs in his head This 
IS repeated several times, then quite a pause comes, followed by one very painful 
hard thump, and next the heart runs away into a rapid succession of weaker, 
small beats, frequently up to 200 per minute and quite regular All of this is 
accompanied by some nausea, somewhat of a cough and marked precordial pain , 
the patient feels faint and occasionally vomits With these large pulsations fre- 
quently what he looks at seems to pulsate 

Physical Bxamtmtioit — The physical examination revealed a well developed 
and nourished individual lying propped up in bed, anxious and apprehensive, 
apparently very much discouraged Tonsils were markedly hypertrophied, but 
not inflamed There was moderate postnasal catarrh Lungs and abdomen were 
normal Liver dulness extended from the fifth nb to just below the costal 
margin, where a smooth, pulsating edge was felt Examination of the heart 
shows a diffuse, heaving impulse over the apex, of maximum intensity in the fifth 
interspace, 11 cm to the left of the midline The left border of cardiac dulness 
measured in the sixth space, 14 cm from the midsternal line Retromanubrial 
dulness measures 7 cm from side to side The right border of cardiac dulness 
measured 2 cm from the midline No thrills were felt On auscultation there 
was a slow, fundamental rh 3 'thm frequentlj'^ disturbed by extrasystoles, with com- 
pensatory pauses, many of the beats being stronger than the others, and occa- 
sionally going into periods of tachycardia with a rate of about 150 to the minute 
and quite regular Pressure on the eyeballs or on the supra-orbital ridge of 
either eye, when very marked, and occasionally vagopressure, would cause the 
tachycardia to cease, with a resulting slow rhythm (This slow rhythm would 
not persist long and during the night of admission the patient was having attacks 
of palpitation for a time as often as once every five minutes ) When the heart 
was beating slowly, at the apex the first sound was replaced by a systolic murmur 
which was transmitted both into the axilla and into the back The second 
sound was followed by a diastolic murmur In the tricuspid area there was a 
less loud systolic and a diastolic murmur This was blowing in quality In the 
aortic region the second sound was nearly replaced b}" a murmur Here also 
there was a to-and-fro blowing murmur In the pulmonic region there was a 
more distant to-and-fro murmur P: was moderately sharp In the fourth left 
intercostal space a to-and-fro murmur with the second murmur low pitched and 
blowing was heard The first sound was not heard With the heart beating 
rapidly, at the apex there was only a systolic murmur The first sound was sharp 
The second sound was absent In the fourth intercostal space both sounds, then, 
were heard and there was a systolic and a diastolic murmur The radial pulses 
were Corrigan in type The rate varied in attacks from 92 to 180, although the 
patient said that it had been up as high as 200 The vessels were not markedly 
sclerosed Over the femoral arteries there was a pistol shot sound and a Duroziez 
sign Pressure over the femorals caused a lancinating pain, with occasional huge 
beats complained of A murmur was heard in the subclavian artery as a loud 
rumble close to the ear A marked systolic pulsation, not well sustained, was 
seen in the carotids and even up as far as the temporal arteries 

Diagnosis — Chronic cardiac valvular disease, aortic insufficiency and mitral 
insufficiency, hypertrophy of the heart and parox}’’smal tachycardia 

Treaiment — Soon after admission the patient received 0015 gm of morphm 
sulphate which had to be repeated at the end of an hour Powdered digitalis 
leaves was started m doses of 0 1 gm ever}-- three hours 

Course — Throughout the first thirtj-six hours in the hospital the patient had 
a miserable time, his heart rhjnhm changing at frequent intervals from a slow 
regular rhj’thm through transitions of extrasystoles, in which bigemin}'- and 



386 


T VAUGHAN 


ARCH mi 


trigeminy predominated, to the rapid regular rhythm of the tachycardia It was 
during these transitions with the extrasystoles that the greatest distress was 
experienced, the patient complaining of the terrible thumping in his head This 
was probably a result of the aortic insufficiency and the consequent large pulse 
pressure present During the tachycardia, which at times went as high as 180 
beats per minute, the distress was mostly precordial From the time of admission 
pulsus alternans was noted 

Thirty-six hours after admission, at 7 00 a m and after a restless night, the 
patient passed into a curious state of unconsciousness from which he could not 
be aroused, and during which respiration was periodic in type, with forceful 
attempts at expiration, during which he would throw his head back and would 
jerk It convulsively, but without true convulsions, this alternating with long 
periods of apnea The pupils were normal in size and reaction The heart rate 
was 124 to the minute, quite regular, with no pulse deficiency, the pulse being of 
good quality The attack lasted fifteen or twenty minutes, after which respira- 
tion again became regular and consciousness returned 

Throughout the day the patient felt much improved and the paroxysms of 
tachycardia became much less frequent, but there was an increase in the frequency 
of extrasystoles in which there occurred at times short runs of ectopic beats at 
a rapid rate, similar clinically to the rhythm in the preceding tachycardia These 
new, regular, rapid rh 3 rthms, however, yielded neither to vagopressure nor to 
ocular pressure As will he shown later, they were a result of new impulse 
formation occurring in the ventricles Digitalis was discontinued on this day 
after the patient had received in all 1 4 gm of the powdered leaves 

During the following night he developed a second period of syncope which 
lasted nearly two hours and was similar in character to the first Electrocardio- 
grams at this time showed no further new rhythm From this time the patient’s 
condition improved both subjectively and objectively, the extrasystoles becoming 
less and less frequent, and finally disappearing During the last two weeks in 
the hospital the heart rate and rhythm remained absolutely normal with the 
exception of a moderate sinus arrhythmia The patient remained in the hospital 
in all twenty-six days, during the last eleven of which he was up and about, 
exercising quite freely and without return of symptoms The pulse remained 
constantly below 90 per minute 

Roentgenograms taken during a paroxysm of tachycardia showed the trans- 
verse diameter of the heart to be 16 5 cm as contrasted with a transverse diameter 
of IS 5 cm taken when the heart rate was normal At no time during the course 
of the disease were there any signs of venous stasis Ten months after his dis- 
charge from the hospital, the patient was reported to be in good condition and 
doing relatively hard manual labor in a theater He has had no recurrence of 
paroxysms 

Elect} ocaidiogiams — The accompanying curves, taken byDr W S 
Wells, are reported through the kindness of Prof Henry A Christian 

Figure 1 shows the three leads taken during the first twenty-four 
hours in the hospital and in it can be seen the auricular form of 
paroxysmal tachycardia P-waves are inverted and occur in the 
T-waves T-waves appear inverted also The heart rate is 160 to the 
minute There is no evidence in these curves of left ventricular hyper- 
trophy It will be remembered that the transverse diameter of the heart 
vas 16 cm and that the patient was suffering from an aortic lesion 
The tracings in black below the electrocardiographic curves present a 
pulse tracing taken with the Erlanger apparatus and Frank capsule 
They show the tjpical collapsing pulse of aortic insufficiency, and in 
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Fig 2 — A H (a), Dec 9, 1916 The tracing shows that pressure on the 
right eye causes delayed conduction, S-A heart-block, A-V heart-block and 
then the heart picks up a normal rhythm with upright P-waves Pressure on 
the right and left vagus nerves was without effect At another time pressure 
on the left eye also caused a change from auricular tachycardia to normal, as 
shown by the electrocardiogram In both instances the heart was again m 
tachjcardia within five minutes 

(6) and (c). Leads 1 and 2, Dec 11, 1916, 10 10 p m A majority of the 
beats are extrasystoles arising in the left ventricle These occur in series of 
two to sixteen beats The P-waves cannot be made out in the ectopic complexes 
These tracings were taken during an attack of syncope and are, essentially, the 
same as those taken before and after the syncopal attack Lead 3 (not shown) 
shows the same type of curve as Lead 2, but with a deeper downward stroke 
Diagnosis paroxysmal ventricular tachvcardia 


'H, 1918 


PAROXYSMAL TACHYCARDIA 


389 


of aunculo ventricular block, to a normal rhythm with an upright 
P-wave and an inverted T The P-R inteival is here four twenty- 
fifths of a second After the first ten normal beats the heart increased 
slightly, to 110 per minute Subsequently there occurred premature 
ventricular beats producing bigeminy and trigeminy, and within a few 
minutes the heart was again in auricular tachycaidia (not shown on 
the curve) The curves of Figure 2 a were taken ten minutes after 
those in Figure 1 Twenty minutes later the same change from auricu- 
lar tachycardia to noimal rate was produced by pressure on the right 
vagus After normal rate persisted for a short time ventricular extra- 
systoles became frequent as before and in a few minutes more auricular 
tachycardia was reestablished Pressure on the left vagus caused no 
change in the auricular tachycardia 

In Figure 2 b and c, taken two days later, are seen numerous ven- 
tricular extrasystoles, occurring sometimes m pairs or short runs, and 
interpolated with normal beats The normal P-waves preceding the 
beats of supraventricular origin are, as in the last curve, upright and 
tend to be doubled. Following the extrasystoles are pauses of about 
the length of diastole when the heart is at normal rate The longest 
period of ventricular tachycardia recorded on the tracings is of ten 
beats’ duration Vagopressure and oculopressure while the heart was 
in this condition were without effect The P-R interval measures five 
twenty-fifths second The patient had received up to this time while 
in the hospital 1 4 gm of digitalis leaves How much he had taken 
before admission is uncertain, but it was probably a small amount 
The curves of Figure 2 b and c were taken during a syncopal attack 
described above, but were similar m every respect to those taken before 
and after the attack 

Figure 3, taken eighteen hours after Figure 2 B and C, shows a pre- 
dominance of the normal rhythm with a P-R interval of five twenty- 
fifths second and much less numerous, though still very frequent, 
ventricular extrasystoles producing in Lead 1 a bigemmy Pauses are 
fully compensatory P-waves as a rule show but one crest T-waves 
in all three leads are inverted The heart rate is about 95 per minute 

Three weeks after the last tracings described and three weeks after 
digitalis had been omitted, the tracings of Figure 4 were taken, which 
show normal complexes with the exception of inverted T-waves in 
all three leads P-waves are all upright and the P-R interval measures 
five twenty-fifths second The heart rate is 73 per minute Heart 
sounds from the base of the heart are recorded by phonocardiogram 
and show a continuous vibration due to to-and-fro murmur Pulse 
tracings in Lead 3 fail to show definite evidences of alternation This 
IS especially interesting when compared with the pulse tracings of 
Figure 1 
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This case shows in addition to evidence of severe cardiac damage 
by valvular disease, attacks of auricular tachycardia and later of ven- 
tricular tachycardia 



^ H > Dec 12, 1916, 4pm No runs of premature beats occur, as 
jesterdaj, but the extrasystoles are ver}’- numerous The T-waves are greatly 
depressed Diagnosis premature ventricular beats 


There is evidence in this case, as in other cases quoted, of severe 
and widespread myocardial damage This is seen in the paroxysms of 
auricular tach^^cardia, the reduplication of the P-waves, the inverted 
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T-waves, the ventricular extrasystoles, the premature nodal beat, and, 
finally, the presence of definite valvular lesions In contrast to the 
curves obtained by Hart, all of the ectopic ventricular beats show the 
point of origin to be the same, apparently, m the left or apical portion 
of the ventricles, and there is no evidence of beats arising from the 



Fig 4 A H, Jan 3, 1917 In Leads 1 and 2 are records of the heart 
sounds at the base of the heart There is a continuous vibration due to a 
to-and-fro murmur Lead 3 shows a simultaneous pulse tracing The T-waves 
are inverted in all leads and the P-waves are upright The P-R interval is 
%5 second The R-waves are large in Leads 2 and 3 In previous curves 
occasional premature nodal and premature auricular beats have been recorded 
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right or basal portion All of the ventricular ectopic beats show a 
similarity, not only in the curves here produced, but also in other 
numerous curves taken 

As regards etiology, digitalis may not be lightly ruled out It 
cannot be definitely proved with the evidence at hand that the cessa- 
tion of symptoms within twenty-four hours after the discontinuance 
of digitalis in two somewhat similar cases (this case and that reported 
by Lea) is but a coincidence But the amount of digitalis used in our 
case was near the lower limits necessary for physiologic effect If 
digitalis IS a factor, there must be an additional, and probably more 
important “predisposing” factor as contrasted to the former, which 
might be termed “exciting” This predisposing factor is in all prob- 
ability a hyperexcitability of the damaged musculature In the case 
here reported the former effect is very slight, as evidenced by a normal 
P-R interval, whereas the latter is the dominant feature The inci- 
dence of aortic valvular disease in this case may be conceived to have 
some etiologic connection with the paroxysms of ventricular tachy- 
cardia when we consider that in such hearts the coronary arteries are 
frequently damaged and that Lewis^ is able to produce experimentally 
ventricular extrasystoles and tachycardia by ligation of the coronary 
artery The possibility of this being a factor is further emphasized 
by the fact that the ventricular ectopic beats arise from but one por- 
tion of the ventricle 

The attacks of syncope remain unexplained, but probably were 
greatly influenced by the condition of the peripheral circulation, the 
rapid and irregular beats being inefficient in pumping sufficient nourish- 
ment to the cerebral centers 

Case 2 — A case of paioxysvial tachycardia in which the site of impulse 
formation may be in the ventricle 

History — N (P B B H Med No 5503), aged 50, was admitted to the 
wards Oct 25, 1916, and discharged improved, Nov 16, 1916 The patient’s past 
history was essentially negative, except that he had used much alcohol during his 
life Twenty years previously he had had "malaria” for six weeks Also he had 
had a mild attack of gonorrhea when he was 19 years old One j^ear before 
admission he had had an attack of indigestion with belching of gas two or three 
hours after meals and occasional vomiting of greenish material, which condition 
persisted for ten days Six weeks before admission he had a similar attack, 
which was accompanied by severe palpitation and a noticeably rapid heart 
Paroxysms of palpitation came at frequent intervals since and with increasing 
seventy, usually lasting about fifteen minutes at a time and occurring every day 
during the previous three weeks Dyspnea and orthopnea had been very great, 
but there was no history of precordial or abdominal pain and no edema was 
present 

Physical Examination and Couise — On examination the heart was found to 
be slightly enlarged to the left and with a rapid, regular rate (from ISO to 180 
per minute) which did not respond to vagus stimulation There was no pulse 
deficit The liver was enlarged and tender The lungs w'ere emphysematous 
throughout Systolic blood pressure was 98 mm, diastolic 80 mm 
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The exact duration of the attack from which the patient was suffering at 
admission was uncertain, but it persisted throughout three days in the hospita 
Cessation was sudden and followed by a heart rate of 100 per minute With 
the heart beating slowly, a soft, blowing systolic murmur became audible in the 
apex region During the tachycardia various remedies were prescribed, including 
vagopressure, and morphin which was given to relieve the patient s distress 
One cc of digipuratum was given intramuscularly and this was followed by a 
course of digitalis During the paroxysm the patient's subjective condition 
became so grave that he was placed on the danger list Four days after the 
paroxysm had ceased the patient became extremely uncomfortable and com- 



Fig 5 — F N, Oct 26, 1916, 9 30 a m This is an unusual type of tdc’''y- 
cardia No P-waves can be made out In Leads 2 and 3, the ventricular 
complexes look like those which might arise m the left ventricle, but in Lead 1 
the> are atypical Rate 150 In this curve occasional complexes come prema- 
turely and are followed by a notch In other curves such premature complexes 
are not seen Pressure on the A^agi and eye had no effect except slowing the 
heart Elevating the foot of the bed thirty inches had no effect Diagnosis 
paroxysmal ventricular tachycardia 
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plained of palpitation The heart at that time was beating around 160 per minute 
with every third or fourth beat a ventricular extrasystole, the premature beats 
not being felt at the wrist Bigeminy was also present at times This paroxysm 
of tachycardia with irregular rhythm lasted for three or four days, with occa- 
sional intervals of normal rhythm After this he had no recurrence and rapidly 
improved until the time of discharge 



Fig 6 — F N , Oct 28, 1916, 9 30 a m The heart now has a normal rhythm 
with a rate of 100 Large P-waves are present The ventricular complexes 
have greatly changed but still suggest some bundle effect Diagnosis left 
ventricular hypertrophy^? or defective conduction of the right branch of the 
bundle of His? 

Electrocardiograms — The electrocardiographic tracings (Fig 5) 
taken during a paroxysm and soon after admission to the hospital 
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show an unusual type of complex, not at all characteristic of par- 
oxysmal auricular tachycardia No P-waves could be made out In 
Leads 2 and 3 the QRS interval is prolonged, as would be the case 
in ventricular extrasystoles or in right bundle block A rather high 
upward deflection beginning five-tenth second before the R-wave in 



Fig 7 F N , Nov 3, 1916, Ham The heart is again in tachycardia with 
every second or third beat occurring prematurely The rate is 167 The P-waves 
cannot be made out Vagal stimulation has no effect on the rhythm Note 
the variation in the pulse with variation of the rhythm Soon after this tracing 
was taken the heart became regular at the same rate (167) The pulse tracing 
changed so that every beat was of constant size 
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all three leads may be simply a T-wave or it may be a T-wave with 
a superimposed P-wave In the downward deflection of the R-wave 
in Lead 2 is found a constant slight electrical variation which might 
also indicate a P-wave This can also be made out indistinctly in Lead 
1, but It is not found in Lead 3 Comparison of Figure 5 with Figure 6 
taken after the heart has resumed its normal rhythm shows that 
especially in Leads 2 and 3 the QRS complex still has some similarity 
to that of the rapid rhythm There is some suggestion of byndle 
defect, but the deflection in the downward stroke of the R-wave is 
now absent The P-R interval is here four-twenty-fifths second If, 
then, the P-waves in Figure 5 precede the R-waves by about five 



Fig 8— F N, Nov 5, 1915, 10 30 a m There are many premature ven- 
tricular beats, and complexes similar to those in the tachycardia can be found 
One cannot with certainty locate P-waves occurmg during the extrasystoles 
Diagnosis left ventricular hypertrophy, premature ventricular beats 

twenty-fifths second they will be seen on the curve to coincide with 
the T-waves in Leads 2 and 3 In Lead 1 the position of the P-wave 
IS more obscure 

With the heart again in tachycardia and with every third beat 
coming prematurely as is shown in Figure 7, we are dealing with 
ectopic beats from two distinct sources — the first being identical with 
that found in Figure 5, the second being in the left or apical portion 
of the ventricle In these curves there is seen rather a suggestive 
similarity between the two types of ectopic complexes, which 
strengthens but far from confirms the suspicion that both types are 
of \entricular origin The curves of Figure 8, taken after the second 
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paroxysm had ceased, show m Leads 1 and 2 and also in Lead 3 (not 
reproduced) evidence of left cardiac hypertrophy They also show 
curves of premature ventricular beats arising from at least two foci, 
neither of which is identical with the possible focus discussed in Figure 
5 Later, electrocardiograms all show a nearly normal electrocardio- 
graphic complex 

It IS impossible to determine definitely whether this patient has had 
an attack of paroxysmal auricular tachycardia m which there was 
present at the same time left ventricular hypertrophy and defective 
conduction in the His bundle, or whether he had an attack of true 
paroxysmal ventricular tachycardia The evidence, I believe, favors 
the first possibility 

DISCUSSION 

In the cases studied we have one instance of undoubted paroxysmal 
ventricular tachycardia and one in which the site of impulse forma- 
tion cannot be definitely located, but may be in the ventricle and is 
again of the paroxysmal tachycardia type The interesting feature 
IS that of eighteen cases of true paroxysmal tachycardia only two 
show electrocardiograms similar in character to those shown experi- 
mentally to be due to impulse formation within the ventricular walls 
All of the others are of auricular origin Isolated ventricular extra- 
systoles, supposed to be the result of a hyperirntable condition of an 
isolated portion of ventricular musculature, are clinically of frequent 
occurrence, being perhaps the most frequent cardiac arrhythmia 
recorded graphically outside of sinus arrhythmia Moreover, in view 
of the frequency of administration of digitalis in various chronic con- 
ditions, and in consideration of the well known action of the drug 
m increasing the muscular irritability, it seems contrary to expectation 
that runs of ventricular extrasystoles should be so rare 

^ Considering this, we have reviewed 189 cases in the records of 
the medical service of the Peter Bent Brigham Hospital, among the 
diagnoses of which there was present in each case that of premature 
ventricular beats The majority of these cases showed additional 
cardiac disease and 118, or 63 per cent , received therapeutic doses of 
digitalis while in the hospital Of the 189 cases, but seven, or 4 per 
cent , showed two successive ventricular extrasystoles, among which 
one showed three in succession (This case was included in a senes 
reported by Christian °) Two of the patients with duplicated extra- 
systoles received no digitalis, but one of these had severe cardiac 
damage and showed also bigeminy He died within two days after 

9 Christian, Henry A Transient Aunculoventricular Dissociation, with 
Varying Ventricular Complexes Caused by Digitalis, The Archives Int Med , 
1915, 16 , 341 
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admission All the other cases received some digitalis preparation 
Twenty-three cases, or 12 per cent , showed bigemmy by the electro- 
cardiogram Four of these received no digitalis In a large propor- 
tion of these 189 cases digitalis was not administered until after the 
curves had been made, because the custom has been to take tracings 
m cardiac patients showing nothing very unusual, soon after admission, 
and to repeat only if there is some change But on subsequent trac- 
ings, when made, no increase m the number of successive extrasystoles 
appears Where subsequent tracings were not made there was no 
intimation of such a condition in the clinical notes It is safe to say 
that had such a condition occurred, it would have aroused suspicion 
and further electrocardiograms would have been made We may con- 
clude, therefore, that digitalis in therapeutic doses m the majority of 
cases does not markedly increase the tendency to successive ventricular 
extrasystoles 

The next question is, naturally, as to the effect of toxic doses of 
digitalis Of twenty cases having among their diagnoses the electro- 
cardiographic diagnosis of digitalis intoxication, but two had two suc- 
cessive ventricular extrasystoles, and one more (previously referred 
to) had three in succession Bigemmy was rather frequent, trigeminy 
less so, but the most usual indication of digitalis intoxication was 
interference, to varying extent, with conduction from the auricles to 
the ventricles Auricular flutter and fibrillation were also noted, in a 
case with digitalis intoxication, but occurring in a moribund heart 

SUMMARY 

In eighteen cases of paroxysmal tachycardia only two, which are 
here reported in detail, showed a site of impulse formation elsewhere 
than in the auricles Study of the literature points to the infrequency 
of cases of paroxysmal tachycardia of ventricular origin To those 
already reported two are added Digitalis may be an exciting cause 
in the production of the condition, but there must be some other pre- 
disposing factor such as ventricular hyperirritabihty from impaired 
blood supply or from some other cause 



H, 1918 


PHARMACODYNAMIC EXAMINATION OF THE VEGETA- 
TIVE NERVOUS SYSTEM IN TYPHOID FEVER 

A CONTRIBUTION TO THE PROBLEM OF BRADYCARDIA 

IWAO MATSUO, MD, and JUNICHI MURAKAMI, MD 

KIOTO, JAPAN 

The hypothesis of vagotonia and sympathicotonia, established by 
Eppmger and Hess,^ gave a cleaier explanation of diseases whose 
pathology Avas heretofore not quite obvious, thereby opening a new 
way to diagnosis and treatment 

According to their orgmal opinion, there exists an equilibrium 
between the sympathetic and autonomic (paiasympathetic) nervous 
systems, through which the inneV organs and the involuntary apparatus 
perform their functions smoothly When this equilibrium is once dis- 
turbed, however, from any cause, the action of one becomes pre- 
dominant, and various pathologic conditions arise By means of drugs 
which act especially on the vegetative nervous system, this distuibance 
becomes so marked that it greatly facilitates the diagnosis 

This disturbance is due to the abnormal tonus of either the sym- 
pathetic or autonomic nervous system , in other words, everybody who 
IS sensitive to atropin and pilocarpm is not sensitive to epinephnn, and 
vice versa They named the former condition vagotonia, the latter 
sympathicotonia They did not observe any one who was sensitive to 
both groups (atropin-pilocarpin and epinephnn), at least in the doses 
they used 

Later it became necessary to make some corrections, as their 
original opinion seemed to be too dogmatic, for there were some indi- 
viduals who were sensitive to all three drugs 

Even Eppmger and Hess themselves, together with Potzl,^ observed 
such a condition in some psychoses Falta, Neuburgh and NobeP 
observed some persons who were sensitive to both epinephnn and 
pilocarpm 

Since this hypothesis was established, many investigators have 
tested the functions of the vegetative nervous system m their clinics 
and published their results Petren and Thorlmg,^ m their observa- 

* Submitted for publication Dec 20, 1917 

■*-From the Medical Clinic of the lUoto Imperial University of Japan 

1 Eppmger and Hess Ztschr f klin Med, 1909, 67, 345, tbid , 1909, 68, 
205, i&id, 1909, 68,231 

2 Potzl, Eppmger and Hess Wien klin Wchnschr , 1910, p 1381 

3 Falta, Neuburgh and Nobel Ztschr f klm Med , 1911, 72, 97 

4 Petren and Thorlmg Ztschr f klin Med , 1911, 73, 27 
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tions on ulcer of the stomach, found numerous cases of vagotonia, but 
very few of sympathicotonia This coincided with what Eppinger and 
Hess had reported At the same time, however, they could not deny 
the existence of individuals who were sensitive to epinephrin and 
pilocarpm, so they concluded that a man who is sensitive to atropin 
and pilocarpm is not entirely nonsensitive to epinephrin, and that 
atropin and pilocarpm do not always act m parallel They emphasized 
the difference between the elevation of tonus and that of irritability 
When the tonus is elevated, it must be sensitive to both kinds of drugs, 
the paralyzing and the stimulating Bauer® examined many patients 
who were considered by Eppinger and Hess to be vagotonic and sym- 
pathicotonic, and found that many of them were sensitive to both 
epinephrin and pilocarpm In cases which were supposed to be of 
sympathicotonia, he found strong reaction for pilocarpm Lehmann® 
examined 100 persons, including a variety of patients and some healthy 
controls, and found that 95 per cent of those sensitive to epinephrin 
were also sensitive to pilocarpm On the other hand, pilocarpm and 
atropin did not act m parallel Thus they both doubted the hypothesis 
of Eppinger and Hess 

Besides these, Deutsch and Hoffmann^ utilized this test m pulmo- 
nary tuberculosis, Wentges,® Ando,® as well as Hopkins,^® m func- 
tional nervous diseases , Thies^^ m diseases of the bile duct 

Molchanoff and LebedefP® tried this test m ten children with scarlet 
fever, during the period of recovery, and recorded the majority of 
these cases as of distinct vagotonia 

No one has as yet, however, undertaken such a test on typhoid 
fever This fact alone awakes some interest In typhoid fever, as is 
well known, there sometimes exists striking bradycardia, even m the 
fever period, for which there is no satisfactory explanation Our 
work IS an attempt at a solution of this problem through the hypothesis 
of Eppinger and Hess Our investigation, m fact, started with this 
point m view 

Matenal foi Expenments — As material we used typhoid fever 
patients, including seven cases of paratyphoid B, who were admitted 
to the Kyoto Infectious Disease Hospital, all bacteriologically and 
serologically proved Up to the time of examination no complication 

5 Bauer Deutsch Arch f khn Med , 1912, 107 , 39 

6 Lehmann Ztschr f khn Med , 1914, 81 , 52 

7 Deutsch and Hoffmann Wien khn Wchnschr , 1913, p 569 

8 Wentges Deutsch Arch f khn Med , 1914, 113 , 607 

9 Ando Kyoto Igaku Zassi , 1916, 13, No 1 

10 Hopkins The Archives I^T Med, 1913, 22, 556 

11 Tines Mitt a d Grenzgeb d Med u Chir, 1914, 27, 389 

12 ^lolchanoff and Lebedeff Russk Vrach , cited in jour Am Med Assn , 
1916 67 , 475 
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had set m All were more than 14 years old We avoided patients 
who were m excited states At first we chose patients who had rela- 
tive bradycardia, as they were the most suitable for our purpose 
Afterwards, however, we also tested as controls patients who had no 
bradycardia, and some with tachycardia 

Method of Expeiiment — For the pharmacodynamic examination 
we used atropm, pilocarpin and epinephrm It is necessary to make 
a few remarks concerning the doses used Eppmger and Hess admin- 
istered hypodermically atropm, 0 001 gm, to men, 0 00075 to women, 
epinephrm 0001 gm for men, 0 00075 for women, and pilocarpin 
0 01 gm for men, 0 0075 for women Three hours before the injec- 
tion of epinephrm 100 gm of glucose were given per os Petren and 
Thorhng used almost the same doses as Eppmger and Hess Bauer 
gave relatively small doses, namely, pilocarpin 0 007 gm , epinephrm 
0 0007, giving 100 gm of glucose three hours before the injection, and 
of atropm 0 0005 gm Wentges used the same as Bauer Lehmann 
almost the same as Eppmger and Hess 

To criticize such a new hypothesis it is best to follow the original 
method, therefore we adopted the doses of Eppmger and Hess 
atropm 0 001 gm , epinephrm 0 001 gm , subcutaneously According to 
Burgusch and Schittenhelm,^® m cases m which 0 001 epinephrm was 
injected following 100 gm of glucose per os, glucose could be found 
even m the urine of the healthy So we tested glycosuria qualitatively 
without giving glucose previously As intestinal hemorrhages may 
take place by increased peristalsis, we used 0 007 gm pilocarpin instead 
of 001 gm (Eppmger and Hess) 

After injection of atropm, rate of pulse, degree of thirst and pal- 
pitation were observed for from one to one and one-half hours After 
injection of epinephrm, pulse, blood pressure (by Riva-Rocci), body 
temperature (axillary), respiration, tremoi, palpitation and pallor 
were observed for one hour, and glycosuria was tested for (Trommer 
and Nylander) After injection of pilocarpin, pulse, salivation, sweat- 
ing and gastro-mtestinal disturbances were observed for one hour 

Besides the pharmacodynamic test, respiratory arrhythmia, Asch- 
ner’s bulbus phenomenon and dermographia were observed, but 
Tschermack’s press trial was not tested 

All patients m the fever period were tested between the first and 
third weeks, and observed lying absolutely quiet on their backs 
throughout the procedure Examinations were not begun until the 
pulse showed a constant rate, so that the psychic influence was avoided 

13 Burgusch and Schittenhelm Technik d speciel khn Untersuchungs- 
methoden, Part 2, p 896 
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We injected, in turn, atropin, epinephnn and pilocarpm, with an 
interval of from one to two days between them 

Standaid foi Test — The standard of criticism, whether the result 
of the pharmacodynamic test is positive or negative, must be shown 
It IS a self-evident fact that the drugs we used are poisons and there- 
fore have some action even on the healthy who have no abnormal tonus 
or irritability in their vegetative nervous systems When reaction is 
very strong in comparison to doses, there is no doubt that the result is 
positive 

Atropin When 0 001 gm atropin was injected, the disturbance of 
salivation, mydriasis and decreased tonus of stomach and intestine 
would be expected theoretically, but these symptoms are not constant , 
consequently, we must rely on a change of heart function (Burgusch 
and Schittenhelm^®) Eppinger and Hess demonstrated double increase 
of pulse rate, sometimes accompanied by palpitation, as a strong atropin 
action Petren and .Thorling counted as positive those who had, in 
addition to thirst or palpitation, an increase of more than 20 in pulse 
rate Lehmann considered the test as positive when there was an 
increase of 30 in the pulse rate, accompanied by thirst or palpitation, 
or when it was the only symptom an increase of pulse rate of more 
than 30 We counted it positive, as did Petren and Thorling,'^ when 
there was an increase of more than 20 in pulse rate, expressed by +, 
when more than 30 by -1 — \- , secondly, thirst and palpitation were taken 
into consideration When the increase was 17 or 18 beats, if accom- 
panied by increased thirst or palpitation, it was counted as positive, 
if not, as negative 

Epinephnn When 0 001 epinephnn was administered, even in the 
healthy, after from five to ten minutes, palpitation, pallor, slight 
tremor, increase of pulse rate and elevation of blood pressure could 
be seen (Burgusch and Schittenhelm) Eppinger and Hess described 
excretion of more than 5 gm glucose (100 gm glucose were given 
before), double the quantity of urine, one third increase in pulse rate 
and increase of reflexes as a strong reaction to epinephnn Petren 
and Thorling, and Bauer did not show the standard clearly Lehmann 
counted as positive more than 30 increase of pulse rate, more than 
3 gm glucose in urine (100 gm glucose were given before) and 
marked tremor We counted positive more than 20 increase of pulse 
rate, more than 20 mm Hg increase of blood pressure, marked tremor, 
considerable palpitation and glycosuria (no previous administration of 
glucose) When more than two symptoms were observed and they 
were strong, we marked them -f- or -1 — [-> according to their strength 
When the only symptom was increase of pulse rate or elevation of 
blood pressure, we counted it as negative unless the increase was more 
than 30 Glycosuria alone, on the contrary, counted as positive 
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Pilocarpin When 0007 pilocarpm was injected, even in the 
healthy, after from five to seven minutes, salivation and sweating were 
noticed The pulse ought to be decreased theoretically, but was found 
increased practically (Burgusch and Schittenhelm) Eppinger and 
Hess considered as a strong pilocarpm reaction, profuse salivation and 
profuse sweating Lehmann laid chief stress on salivation, less on 
sweating and other symptoms He put no value on increase of pulse 
rate We considered sweating and salivation, when profuse and of 
long duration, as positive Gastro-intestinal symptoms were also looked 
on as significant When either sweating or salivation alone existed, 
we considered it negative, unless accompanied by gastric and intes- 
tinal symptoms 

EXPERIMENTS 

Atropin The action of atropin was examined in forty-six cases 
A noteworthy phenomenon after injection was the paradoxical action, 
namely, from five to fifteen minutes after injection the pulse rate 
deci eased The pulse decrease was 3 in foui cases, 4 in three cases, 
5 in four cases, 6 in three cases and 7 in one case After this decrease 
the pulse rate sometimes increased remarkably, but at others remained 
in the decreased condition The most remarkable was Case 5, which 
showed a decrease of 17 in pulse rate after injection, accompanied by 
arrhythmia, and Aschner’s bulbus phenomenon was also observed 
Bauer had already described this paradoxical phenomenon, accom- 
panied also by arrhythmia, only when small doses were given (0 0001 
to 0 0002 of atropin), and that both bradycardia and arrhythmia dis- 
appeared when relatively large doses were given (0 0005) We, how- 
ever, observed such a phenomenon by injecting 0 001, the same as 
Lehmann A striking increase of pulse rate was seen in the following 
cases 49 in Case 46, 39 in Case 14, 38 in Case 9, 32 in Case 13, 31 in 
Case 15 and 30 in Case 8, increase between 20 and 29 in six cases, 10 
and 19 in fourteen cases and 0 and 9 m nine cases It must also be 
noticed that increase of more than 30 pulse rate all occurred in youths 
(aged from 14 to 19) Eppinger and Hess said that the vagotonic 
condition was observed mostly in youths 

Lehmann also wrote that youth is sensitive to atropin We show 
the relation in Table 1 to make the matter clearer 


TABLE 1 — Relatiok OF Age and Sensitiveness to Atropin 


Age 

Cases Observed 

Positive Reaction 

14 to 19 

16 

10 

20 to 29 

12 

5 

30 to 39 

13 

3 

40 to 67 

5 

3 


Total 


46 


21 
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Here we must record the investigation published by Marns/^ who 
reports that in practically all cases of the typhoid group during some 
period of the infection (mostly the second week), the rate of the 
heart cannot be accelerated by atropin as it can be in normal people 
and those suffering from other diseases, and uses this reaction as a 
means of diagnosis 

In our forty-six cases of typhoid fever (including seven cases of 
paratyphoid B), however, atropin was quite active, accelerating the 
rate of pulse, especially in cases of bradycardia As all our cases 
were serologically and bacteriologically controlled, the diagnosis was 
undoubtedly correct 

All cases were tested during the fever period (between the sixth 
and the twenty-third day), and every possible precaution was also 
taken during the procedure 

The conditions were apparently the same as in the cases of Mams, 
notwithstanding that our results were evidently not in accord with his 
findings, for which we can give no satisfactory explanation at present 

Epinephrin In 46 cases the action of epinephnn was examined 
Epinephrin injection always accelerated the pulse, and no paradoxical 
phenomenon was observed Remarkable increases were noticed as 
follows 56 in Case 46, 52 in Case 40, 42 in Case 11, 35 m Case 10, 
from 20 to 29 in nineteen cases, from 10 to 19 in sixteen cases and 
from 2 to 9 in seven cases The blood pressure was also always 
elevated There were increases of 41 mm in Case 36, 37 in Case 7, 
from 20 to 30 in thirteen cases, from 10 to 19 in nineteen cases and 
from 0 to 9 in ten cases The respirations also accelerated after injec- 
tion, as Bauer observed increases of 11 in one case, 8 in three cases, 
6 in three cases, 5 in five cases and 4 in eight cases 

In regard to temperature, any change that occurs immediately, 
namely, from 5 to 10 minutes after the injection, must be due to the 
epinephrin action Increase of 0 8 C in 1 case, 0 7 in 1 case, 0 6 in 
1 case, 0 5 in 3 cases and 0 4 in 2 cases were observed Epinephrin 
glycosuria was observed in 8 cases out of 45 , tremor in 18 cases, mostly 
in the hand, palpitation in 15 cases, general lassitude, nausea and 
headache in some cases 

As Bauer and Lehmann observed, epinephtm does not act the same 
on every person They called this condition dissociation of drug action 
This dissociation was evident also in our cases Table 2 shows the 
facts clearly 


14 Marns Bnt Aled Jour , 1916, 2, 717 
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TABLE 2 — ^Dissociation of Drug Action After Epinephrin 

Cases 

1 Glycosuria, elevation’^ of blood pressure, increase of pulse rate 
1 Glycosuria, elevation of blood pressure 
3 Glycosuria , increase of pulse rate 
3 Glycosuria 

8 Elevation of blood pressure, increase of pulse rate 
5 Elevation of blood pressure 
10 Increase of pulse rate 

* By increase or elevation we mean more than 20 in pulse rate or more than 
20 mm of mercury in blood pressure, respectively 

As the table shows, three symptoms were observed m one case 
only 

Eppinger and Hess noticed that sympathicotonia is often seen in 
old people, while Lehmann, on the contrary, stated that youth is sensi- 
tive to epinephrin In our experiments we noticed no i elation between 
sensitiveness to epinephiin and age, as shown by Table 3 


TABLE 3 — Relation of Age and Sensitiveness to Epinephrin 


Age 

Cases Observed 

Positive Reaction 

14 to 19 

16 

9 

20 to 29 

12 

6 

30 to 39 

13 

9 

40 to 67 

5 

2 

Total 

46 

~26 


Pilocaipin Pilocarpin was tested m thirty-eight cases Pilocarpin 
decreases the pulse rate in animal experiments, but on the human 
body, on the contrary, it has no such eftect (Eppinger and Hess) 
Bauer and Lehmann even maintained that it caused an increase 

It must be noticed in Case 9, in which, after injection of 0 007 
pilocarpin, besides profuse salivation and sweating, the pulse rate 
decreased 14 within five minutes and returned to normal after nineteen 
minutes Arrhythmia was observed at the same time This fact, 
which nobody has as yet described, is very significant and interesting 
In all other cases except Case 9 the pulse rate increased after injec- 
tion increases of 42 in Case 15, 37 in Case 13, 36 in Case 3, 33 in 
Case 11, 30 in Case 14, and from 20 to 29 in eleven cases, from 10 to 
19 m fifteen cases and from 2 to 9 in nine cases 

Gastro-intestinal symptoms were seldom observed nausea in two 
cases, vomiting m one case, gurgling of intestine in two cases and 
singultus in two cases 

Salivation and sweating began in sensitive cases five minutes after 
injection and lasted one hour They almost always go hand in hand, 
however, there are some cases in which there is profuse salivation with 
very little sweating (Cases 27 and 38), and cases in which there is 
profuse sweating with no salivation (Cases 23, 26 and 36) 
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Thus, dissociation was observed even in pilocarpm action, as Bauer 
had already noted, but not so remarkable as in the case of epmephrin 
There is no relation between the action of pilocarpm and age 
Table 4 shows the fact 

TABLE 4 — Showing Absence of Relation Between Age and Action 

OF PiLOCARPIN 


Age 

Cases Observed 

Positive Reaction 

14 to 19 

13 

11 

20 to 29 

10 

6 

30 to 39 

11 

7 

40 to 67 

4 

3 

Total 

38 

27 


DISCUSSION 

The pharmacodynamic test of the vegetative nervous system m the 
fever period of typhoid fever was examined in forty-six cases in all 
In thirty-eight of them, atropin, pilocarpm and epmephrin were 
tested, and m eight cases atropin and epmephrin The results we 
obtained from the thirty-eight cases may be classified as m Table 5 

TABLE 5 — Reactions to Atropin, Pilocarpin and Epinephrin 


Reactions 

Group 

Cases Observed 

Sensitive to atropin and pilocarpin, nonsensi- 

tive to epmephrin 

1 

14 

Sensitive to epmephrin , nonsensitive to atropin 

and pilocarpm 

2 

11 

Sensitive to atropin, pilocarpm and epmephrin 

3 

3 

Sensitive to pilocarpm and epmephrin 

4 

7 

Sensitive to pilocarpm 

5 

3 


The first group m Table 5 corresponds to vagotonia, the second to 
sympathicotonia according to Eppmger and Hess The third group 
is thought to be sympathetic and autonomic m elevated tonus, as once 
observed by Eppmger, Hess and Potzl m cases of psychosis The 
fourth group is the condition of heightened irritability of sympathetic 
and autonomic as often observed by Bauer and Lehmann The fifth 
group is considered to be autonomic m elevated irritability 

The principal objections which were made by Petren and Thorling, 
Bauer, and Lehmann to the opinion of Eppmger and Hess consist of 
the following two points first, there are cases which are sensitive to 
both pilocarpm and epmephrin , second, atropin and pilocarpm do not 
act m parallel Some of our experiments also confirmed this objection, 
namely. Group 4 shows sensibility to both epmephrin and pilocarpm, 
and Groups 4 and 5 show no parallelism between the action of atropin 
and pilocarpm 
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We cannot, however, entirely agree with those who give up thereby 
the significant hypothesis of Eppmger and Hess Quite a number of 
cases in such a state, namely, vagotonia and sympathicotonia, were 
confirmed by us 

Now let us assume the formula which was given by Liebermeister,^'* 
of counting the pulse rate from the body temperature Rate of pulse 
= 80 + 8X (T — 37) , T IS the number read on the thermometer 

By means of this formula, we obtain the pulse rate corresponding 
to body temperature at the time of examination, and comparing this 
number with the true pulse rate, we know the relative bradycardia, 
that IS, the more difference there is between pulse calculated and 
observed, the more pronounced the bradycardia 

Arranging our thirty-eight cases m order of relative bradycardia 
(Table 6), the following significant and important fact is found, 
namely, the cases of Group 1 (vagotonia) are placed in the upper 
spaces of the table, while those of Group 2 (sympathicotonia) are 
placed in the lower spaces In other words, in cases of typhoid fever, 
a patient who has a significant bradycardia is mostly sensitive to 
atropin and pilocarpin, and one who has no bradycardia is mostly sensi- 
tive to epinephrin Only those who have marked bradycardia are espe- 
cially sensitive to atropin 

Supposing the bradycardia in typhoid fever were due to loss of 
equilibrium between sympathetic and autonomic, we may consider sev- 
eral possibilities, for instance, such a condition may be expected in 
abnoimally elevated tonus of autonomic, or diminished tonus of sym- 
pathetic, or by stimulating autonomic only The action of typhoid 
toxin for sympathetic and autonomic is not quite obvious According 
to our experiments, however, we proved that 60 per cent of marked 
bradycardia in typhoid fever is in the state of vagotonia, thus the 
so-called vagotonia may be considered as one cause of typhoid brady- 
cardia 

WenckebaclT® described recently m his book two kinds of brady- 
cardia , one, cardial bradycardia, which is not accompanied by arrhyth- 
mia, the other, vagal bradycardia, which is always accompanied by 
arrhythmia He also mentioned one case of bradycardia in typhoid 
fever which was of a vagal nature, and Pierret and Dartevelle^^ also 
found a similar case Though their observations were made from the 
standpoint of arrhythmia, and ours from pharmacodynamic test, the 
results unexpectedly coincided 

15 Liebermeister Oted in Daten u Tabellen, Vierordt, 1893, p 156 

16 Wenckebach Die unregelmassige Hertztatigkeit u ihre klin Bedeutung, 
1914 p 192 

17 Pierret and Dartevelle Cited in Wenckebach (Footnote 16) 
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Another interesting fact is that our five fatal cases out of thirty- 
eight were all in the state of sympathicotonia, and one incurable 
patient out of eight tested for atropin and epmephrin reactions, was 
sensitive to epmephrin and nonsensitive to atropin 

It is a well known fact that in typhoid fever a rapid pulse signifies 
a doubtful prognosis This fact has been ascertained by long experi- 
ence and coincides with the result of our investigation Furthermore, 
we already knew that the state of sympathicotonia is often seen in 
patients with a rapid pulse We may also say that even m cases of 
bradycardia nonsensitive to atropin and pilocarpm, and sensitive to 
epmephrin, the prognosis is not good (Cases 25 and 30) This fact, 
which must be confirmed by repeated experiments, may be of some 
significance m establishing the prognosis of typhoid fever Conse- 
quently, the examination of the functions of the vegetative nervous 
system in typhoid fever is indispensable 

SUMMARY 

1 In typhoid cases, atropin acts strongly on those patients who 
have marked bradycardia, but has almost no effect on those who have 
no biadycardia Increase of pulse rate is the most significant atropin 
action, then comes increase of thirst, and lastly palpitation In only 
one case the remarkable paradoxical phenomenon, decrease of 17 in 
pulse rate, accompanied by arrhythmia, was observed 

2 After injection of epmephrin, increase of pulse rate, elevation 
of blood pressure, acceleration of respiration and elevation of body 
temperature were observed in many cases Tremor and glycosuria 
were often observed, but palpitation, nausea, and headache seldom 

So-called dissociation of epmephrin action v^as observed even in 
cases of typhoid fever 

3 In the majority of cases salivation and sweating were observed 
after pilocarpm injection, besides nausea, vomiting and singultus In 
only one case were we able to find a decrease of 14 in the pulse rate, 
accompanied by arrhythmia This fact has never been noticed by 
anybody up to this time Dissociation may be seen after pilocarpm m 
typhoid fever, but not so marked as after epmephrin 

4 According to our experiments, though youth is sensitive to 
atropin, no relation is to be seen between the action of epmephrin and 
age or pilocarpm and age 

D Examining the function of the vegetative nervous system m 38 
cases of typhoid fever, we found 14 cases which corresponded to vago- 
tonia, 11 cases which corresponded to sympathicotonia, 3 cases which 
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were sensitive to all three drugs, 7 cases which were sensitive to pilo- 
carpin and epinephnn, and 3 cases which were sensitive only to pilo- 
carpin 

6 Though the cases supporting the objections made by Bauer and 
Lehmann are not rare, still in the majority of typhoid fever cases the 
state of vagotonia or sympathicotonia exists, which fact conforms with 
the opinion of Eppmger and Hess 

7 In the cases with marked bradycardia, the state of vagotonia was 
often observed, while m those with no bradycardia, sympathicotonia 
was often observed 

8 The state of vagotonia may be one explanation for bradycardia 
m typhoid fever 

9 The deaths in our cases were all in the condition of sympathico- 
tonia This fact may form the basis for establishing a prognosis in 
typhoid fever 
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THE ACTION OF TYRAMIN ON THE CIRCULATION 

OF MAN-^ 

ALBION WALTER HEWLETT, MD 

SAN FRANCISCO 

Tyramin is a hydrochloric acid salt of parahydroxyphenylethylamin 
The latter is the most active blood pressure laising constituent in 
watery extracts of ergot ^ It has been isolated from putrid meaU and 
from other decomposing organic substances Here it appears to be 
formed by the action of bacterial ferments on tyrosin, one of the com- 
mon ammo-acid building stones of the protein molecule The struc- 
tural relationship of tyramin to tyrosin and to the physiologically 
related epmephrm is shown in the following structural formula 


OH OH OH 



CH=CHNH=COOH CH=CH=NH=HC1 CHOH CH=NH CHs 
Tyrosin Tyramin Epmephrm , 

The action of tyramin on the circulation of animals was studied 
by Dale and Dixon, ^ who found that the intravenous injection of 1 mg 
into the cat or into other laboratory animals was followed by a sudden 
and marked rise of arterial blood pressure, reminiscent of that pro- 
duced by epmephrm As compared with the latter, however, the blood 
pressure changes showed a longer latent period, the rise to the maxi- 
mum was less sudden and the decline to the original level was more 
gradual Cardiometer tracings taken by these authors showed that the 
rise of blood pressure was associated with an increase m the amplitude 
of the ventricular beats This occurred even when the slowing of the 
heart was eliminated by section of the vagus nerves or by their func- 
tional exclusion with atropm Apparently, therefore, the heightened 
blood pressure was due in part to an increased output from the heart 

Dale and Dixon also found that tyramin constricted the systemic 
blood vessels Volume tracings from the dog’s ear, from a loop of 

* Submitted for publication Jan 9, 1918 

*From the Division of Medicine, Stanford Medical School 

1 Barger, G , and Dale, H H The Water-Soluble Active Principles of 
Ergot, Proc Physiol Soc, May 15, 1909, Jour Physiol, 1909, 38, 77 

2 Barger, G , and Wampole, G S Isolation of the Pressor Principles of 
Putrid Meat, Jour Physiol , 1909, 38, 343 

3 Dale, H H , and Dixon W E The Action of Pressor Amines Produced 
by Putrefaction, Jour Physiol , 1909, 39, 25 
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the cat’s intestine and from the hind extremity showed a shrinkage of 
these organs when the drug was injected Furthermore, the addition 
of tyramin to the fluid used in perfusing the cat’s hind limb and the 
dog’s small intestine caused a marked slowing of the flow through 
these organs The pulmonary vessels, on the other hand, were not 
constricted by tyramin From these observations it would appear that 
the rise of blood pressure produced by the intravenous injection of 
tyramin into laboratory animals was due not only to an increased 
output from the heart, but also to a constriction of the peripheral 
blood vessels 

Tyiamin, like epinephnn, appears to act only on such muscle fibers 
and gland cells as receive a sympathetic nerve supply According to 
Dale and Dixon, the effects produced on these structures, whether 
stimulating or inhibiting, are comparable to those produced by excita- 
tion of the sympathetic nerves themselves Although the action of 
tyramin resembles that of epinephnn in this particular, the two actions 
are not identical Not only is tyramin much less active, being about 
one twentieth as powerful when judged by its pressor effects, but 
qualitative differences between the two drugs also exist Thus Baehr 
and Pick^ found that while epinephnn caused a dilatation of the 
bronchi, tyramin caused a constriction With respect to the blood 
vessels, it has been noted that epinephnn produces a much greater 
local effect Thus Sollmann and Pilcher® found that the application 
of epinephnn to slight cutaneous abrasions caused marked local pallor, 
whereas tyramin was without effect Furthermore, tyramin has no 
value as a local hemostatic The constriction of the blood vessels 
about subcutaneous or intramuscular injections of epinephnn interfere 
with Its absorption into the general circulation, and this is believed to 
account for the fact that such injections rarely produce the marked 
rises of blood pressure that follow intravenous administration of epi- 
nephrin On the other hand, t}’’ramin with its less marked local effect, 
usually causes a striking elevation of the blood pressure when injected 
subcutaneously 

EFFECT ON THE BLOOD PRESSURE AND PULSE RATE OF MAN 

The effect of tyramin on the circulation of man was tested by Dale 
and Dixon, one of whom took 10 mg of the drug by mouth The 
moderate rise of systolic pressure which was observed in this experi- 
ment was probably due to some cause other than the drug given , for 

4 Baehr, G , and Pick E P Pharmakologische Studien an der Bronchialmus- 
kulatur der uberlebenden Meerschweinchenlunge, Arch f exper Path u 
Pharmakol , 1913, 74, 41 

5 Sollmann, T and Pilcher, J D Endermic Reactions, Jour Pharm and 
Exper Therap , 1917 9, 309 
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Clark® showed subsequently that much laiger doses — up to 200 mg 
within forty minutes — when given by mouth, produced no sti iking 
effect on the blood pressure If, however, tyraniin were injected into 
man subcutaneously, it produced, in most instances, unmistakable cir- 
culatory effects Clark,® HoyV and Watson,® each of whom studied 
the effect of subcutaneous injections on the blood pressure of man, 
found that tyramin usually caused a marked elevation of the systolic 
blood pressure This use usually began within a few (two to ten) 
minutes, proceeded rapidly to its maximum and then fell somewhat 
more slowly to the original level The whole reaction occupied a 
period of fifteen to thirty minutes or moie In order to produce an 
appreciable rise of pressure, 20 mg must ordinarily be injected 
Larger doses (60 to 80 mg ) may cause very considerable elevations 
of pressure Watson,® who recorded the diastolic as well as the sys- 
tolic pressure, found that the formei was not affected by the drug, 
the heightened systolic pressure being due entirely to an inciease in 
the pressure amplitude or pulse pressure When the systolic blood 
pressure lose, the pulse rate usually fell, presumably because the 
heightened blood pressure caused a vagus inhibition of the heart 
In the present series of observations tyramin was administered sub- 
cutaneously in doses of from 40 to 80 mg , the usual dose being 60 mg 
The resultant changes in the systolic blood pressure and the pulse rate 
were similar to those described by the authors just cited In most 
instances the injection was followed within a few minutes by a strik- 
ing rise in the systolic blood pressure and by a slowing of the pulse 
Illustiative curves are shown in Figure 1 From this figuie it may be 
seen that the rise in systolic pressure began within five minutes after 
the injection, that the maximum elevation usually occurred* within ten 
minutes after the injection, and that the blood pressure had usually 
returned to the normal in from twenty to thirty minutes Although 
Watson stated that the diastolic pressure was not affected by the drug, 
our observations indicate that in the doses given there was usually a 
slight but definite rise in the diastolic pressure This, however, was 
very much less than the rise in systolic blood pressure, so that there 
was a marked increase in the pulse piessure It is noteworthy also 
that the vascular sounds heard during the auscultatory determinations 
of blood pressure became much louder at the height of the tyramin 
action 


6 Clark, A 
1911, 5, 236 


The Clinical Application of Ergotamine, Biochem Jour, 1910- 


7 Hoyt, D M The Therapeutic Application of P Hydroxyphenylethylamin 
(Tyramine) , an Active Principle of Ergot, Am Jour Med Sc , 1912, 144 , 76 

8 Watson, A Obser\ations on the Value of Drugs as Blood Pressure Eleva- 
tors, Practitioner, London, 1915, 94 , 566 
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' The foregoing changes in the systolic blood pressure occurred in 
almost every instance when tyramin was injected in doses of 40 mg 
or more (Tables 1 and 2) Yet no very definite relation existed 
between the rise of pressure and the dose of drug administered In 
two persons, indeed, no rise of systolic pressure was observed The 
cause of such variations in the effect of the drug is not certain Aside 
from variations m individual susceptibility, the rate of absorption 
fiom the site of injection probably played a considerable role in 



Fig 1 — Chart showing the effect of tyramm on the systolic and diastolic blood 
pressure and on the pulse rate The Roman numerals correspond to the cases 
in Table 1 

determining the intensity of the reaction Clark stated that when 
injections were given into the arm or forearm little general reaction 
followed, and he recommended that injections be given into the loose 
tissues about the clavicles In one of our tests without reaction a lump 
foimed at the site of the injection in the forearm Following Clark’s 
suggestion, therefore, most of the remaining injections were given into 
the loose subcutaneous tissues beneath the clavicle 
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Any marked rise of pressure was, as a rule, accompanied by a 
slowing of the pulse similar to that reported by others who have 
studied the clinical eftects of the drug From Dale and Dixon’s animal 
experiments this appears to result from vagus stimulation by the 
heightened blood pressure In two instances the pulse rate increased 
dunng the action of the drug One of these patients (No 13) had 
exophthalmic goiter and the pulse rate increased from 75 to a maxi- 


TABLE 1 — Effect of Tyramin on Blood Pressure, Pulse Rate 

AND Volume Pulse 


Case 

Hospital 

Number 


Dose 

Gm 

1 

i Blood Pressure 

Pulse 

Kate 

Volume 

Pulse 

Sustained 

Quality 

SiS 

tolic 

Dias- 

tolic 

Pulse I 

1 

59747 

Before 


118 

85 

33 

64 

0 39 




After 

006 

200 

92 

lOS 

44 

068 

Increased 

2 

59947 

Before 


125 

79 

46 

6S 

0 65 




After 

0 065 

203 

95 

108 

54 

0 70 ! 

No change 

3 

60120 

Before 


100 

57 

43 

100 

090 




After 

006 

100 

70 

90 

72 

12 

Increased 

4 

57928 

Before 


106 




0 55 




After 

006 

160 




10 

Increased 

5 

58322 

Before 


120 

50 

70 


1 20 


1 

1 


After 

008 

170 

52 

118 


1 48 

No change 

6 

57783 

Before 1 


120 

72 

48 


055 




After 

004 

170 

S3 

87 


0 69 

Increased 

7 

57676 

Before 


131 

80 

51 


085 




After 

0 03 

180 

84 

96 


125 

No change 

8 

59876 

Before 


120 

82 

38 

57 

0 47 




After 

006 

165 

90 

75 

45 

0 00 

No change 

9 

58051 

Before 


115 

85 

30 


088 




After 

005 

155 

90 

G5 


105 

Increased 

10 

59732 

Before 


lOO 

70 

30 

55 

110 




After 

000 

134 

so 

54 

48 

090 

No change 

11 

59732 

Before 


113 

86 

27 

56 

0 92 




After 

006 

134 

90 

44 

52 

0 95 

No change 

12 

59856 

Before 


155 

85 

70 

107 

0 72 




After 

005 

180 

So 

05 

94 

0 87 

No change 

i 


mum of 84 The other patient (No 16) showed extrasystoles before 
the administration This irregularity became more pronounced and 
at the same time the sinus rate was accelerated (Fig 6) In the 
remaining tests any marked rise of systolic pressure was accompanied 
by a definite slowing of the heart rate, which disappeared as the 
pressure fell to normal 

effect on the volume pulse in the arm 

In twelve experiments the volume pulse of the forearm and lower 
arm was recorded by using a plethysmograph which was connected 
with a Frank capsule by air transmission Calibration was made in 
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each experiment by introducing into or withdrawing from the plethys- 
mograph 2 c c of air while the arm was in place The average change 
on the records produced by several such tests was taken to indicate the 
effect resulting from a 2 c c change in arm volume 

Table 1 shows that in nine of the twelve experiments a distinct 
increase (over 01 c c ) in the size of the volume pulse in the arm 



Fjg 2 — The volume pulse in the arm after tyramin (Case 1 of Table 1 and 
Figure 1 ) First record taken before, second 4 minutes after, third 8 minutes 
after, fourth 15 minutes after, fifth 18 minutes after and last 30 minutes after 
the injection of 0 06 gm tyramin The changes m the size and form of the 
pulse waves were most marked in the third and fourth records 

occurred at the height of the tyramin action , in two instances the 
recorded increase was so slight as to be doubtful, while in one instance 
the \ olume pulse was distinctly lessened This increase in the volume 
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of the arm pulse was, as we shall see, piesumably due to a larger out- 
put of blood at each cardiac systole 

The form of the volume pulse was altered in five of the twelve 
experiments, and in each case this alteiation was in the diiection of a 
more sustained pulse In Figure 2, for example, the piimary pulse 
wave was followed by an anacrotic plateau at the height of the tyramin 
effect In Figure 3 from a patient with typhoid fever, the collapsing 
quality of the febrile pulse became less marked Such changes were 
not constant, however, and in many instances no definite alteiation in 
the form of the arm pulse was noted during the heightened systolic 
pressure and slow pulse produced by the tyramin injection 

In four instances satisfactory records of the blood flow in the arm 
were obtained These showed no marked and constant alteration In 


TABLE 2 — Effect cf Tyramin on the Electrocardiogram 


Case 

Hos 

pital 

Number 


Dose, 

Gm 

Systolic 

Pres 

sure 

1 

Pulse 
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Lead 

I 

Lead II 

Lead III 

P 

B 
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R t’ 

1 
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T 
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27 

28 
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7 
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84 

10 
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No 
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* Sinus rate Numerous ventricular extrasj stoles occurred (Fig 0) 


one case no change occurred, in a second there was a slight increase 
during the heightened blood pressure, with a slight diminution when 
the pressure fell, while in the remaining two there was a gradual 
increase in the rate of flow, which continued after the pressure fell 
Whatever may have been the cause of this gradual increase, it was 
not definitely related to the variations in the blood pressure 

EFFECT OF TYRAMIN ON THE ELECTROCARDIOGRAM 

111 five patients electrocardiograms were taken before the adminis- 
tration of tyramin and again at the height of the rise of blood pressure 
The instrument was carefuly adjusted before each record with the 
patient in circuit so that a deflection of 10 mm should correspond to a 
current of 1 milliampere Of these five patients, one showed no rise 
of blood pressure after the injection and no change in the electro- 
cardiogram In the remaining four patients the change in blood 
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Fig 3 — The volumes pulse in the arm after tyramin (Case 3 of Table 1 and 
Figure 1), a patient with typhoid fever First record before, second 4 minutes 
after third 7 minutes after, fourth 8 minutes after, fifth 11 minutes after and 
last 13 minutes after the injection of 006 gm tyramin The change in size and 
form of the pulse was most marked in the second and third records In this 
patient the maximum effect occurred unusually early A premature beat is seen 
in next to the last record 
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pressure was accompanied by definite alterations in the form of the 
electrocardiogram These may be seen by referring to Table 2 and to 
Figures 4, 5 and 6 The most constant of these changes was an 
increase m the size of T This occurred in every instance in which 
T was originally upright In one patient where T was originally small 
and diphasic in Lead III (Figure 5), it became somewhat more definite 
after tyramin, but the diphasic character of the wave did not permit of 
expressing the change numerically In another patient, not included 
in Table 2 because the instrument had not been carefully calibrated 
before each record, T was negative in Lead III before the injection 
and it apparently became more so under the influence of tyramin 



Fig 4 Electrocardiograms taken before (left) and after (right) the injection 
of 006 gm tyramin (Case 13, Table 2) T became larger in all leads, P 
became smaller m Lead I and larger in Lead HI 


Changes in the other waves of the electrocardiogram, though pres- 
ent in certain instances, were not constant The QRS complex was 
on the average unaffected P showed a slight but not invanable ten- 
dency to be diminished in Lead I and increased in Lead III 

Augmentation of T has been described by Rothberger and Winter- 
berg® after accelerator stimulation, and by Lewis and Cotton^® and 
others following exercise In these conditions, however, P also 

^ J , and Winterberg, H Ueber die Beziehungen der Herznerven 

zur I'orm des Elektrokardiogramms, Arch f d ges Physiol, 1910, 135 , 506 
10 Lewis, T , and Cotton, T F The “P-R” Interval in Human Electro- 
cardiograms and Its Relation to Exeicise, Proc Physiol Soc, June 28, 1913 
Jour Physiol, 1913, 46 , 60 > j , c, 
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increased m size, whereas this did not occur after tyramin injections, 
except m Lead III 

t 

THE PRODUCTION OF EXTRASYSTOLES 

On four or five occasions it was noted that extrasystoles, previously 
absent, occurred during the action of tyramin Such a premature beat 
IS seen in next to the last tracing of Figure 3 Before this fact was 
fully appreciated, a patient already showing occasional ventiicular 
extrasystoles was given an injection of tyramin in order to determine 
if this might influence the in egularity m a favorable mannei In place 



Fig 5 — Electrocardiograms taken before (left) and after (right) the injec- 
tion of 006 gm tyramin (Case 16, Table 2) 


of a fatorable effect, there was an increase in the number and variety 
of abnormal ventricular contractions (Fig 6) 

Le\y produced ventricular fibrillation in a cat under chloroform 
anesthesia by injecting tyramin Inasmuch as there is a close rela- 
tionship between ventricular fibrillation and very numerous ventricular 
extrasystoles, it seems possible that under proper conditions tyramin 
might cause a dangerous or even fatal ventricular fibrillation in man 
Caution IS therefore urged in the use of this drug if ventricular extra- 
systoles are already present or if there is reason to suspect a condition 

11 Levy, A G The Genesis of Ventricular Extrasystoles Under Chloroform , 
vith Special Reference to Consecutive Ventricular Fibrillation, Heart, 1913-1914, 
4. 299 
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of increased irritability in the heart muscle such as seems to occur 
during chloroform anesthesia 

EFFECTS PRODUCED BY SUBCUTANEOUS INJECTIONS 
OF EPINEPHRIN 

In susceptible individuals, subcutaneous injections of epmephnn 
frequently produce symptoms and signs which lesemble those of 
exophthalmic goiter Within a few minutes the individual experiences 



Fig 6 Increased number of extrasystoles caused by tyramin Record above 
taken before and record below taken after the injection of 0 06 gm (Case IS, 
Table 2 ) 


tremulous sensations which are demonstrable objectively as a tremor 
of the extended hands This tremor seems to be somewhat coarser 
and less regular than is the typical tremor of exophthalmic goiter, and 
It frequently involves the arms as well 3s the hands and fingers In 
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addition the susceptible person often feels anxious and nervous, and 
IS conscious of palpitation and uneasy sensations about the precordiuin 
and epigastrium Patients with exophthalmic goiter are particularly 
prone to exhibit distressing symptoms of this type after epinephrin 
injections, and several have said to the author that for the time being 
the usual symptoms of their disease became much worse For this 
reason a considerable number of epinephrin injections were given to 
nervous persons with the hope that the degree of reaction might prove 
of some value in the diagnosis of incipient exophthalmic goiter No 



Fig 7 — Chart showing the effect of subcutaneous injections of epinephrin 
on the systolic and diastolic blood pressure and on the pulse rate The Roman 
numerals correspond to the cases in Table 3 The marked rise of blood pressure 
(Case 18) was in a patient with exophthalmic goiter In this patient auricular 
extrasystoles also occurred , most numerous at sixteen minutes and less numerous 
at twenty-three and t^\ entj'-eight minutes after the injection 

definite relation was found, however, between susceptibility to epi- 
nephrin and the milder degrees of hyperthyroidism as judged clinically 
In making these tests a number of records were made of the circu- 
latory changes produced by subcutaneous injections of epinephrin 
These will be reviewed briefly in order to contrast them with the cir- 
culatory changes induced by tyramin 
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It IS well known that the marked rise of blood pressure which 
occurs after the intravenous injection of a large dose of epinephrm 
IS rarely observed when the drug is administered subcutaneously The 
gradual absorption from the subcutaneous tissues, together with its 
destiuction or disappearance in the tissues, prevents any marked rise 
in the concentration of epinephrm in the blood Even though there is 
little or no rise in the blood pressure, nevertheless subcutaneous injec- 
tions of epinephrm often produce definite physiologic effects m man 
In addition to the tremor, nervousness and palpitation, we may men- 
tion the occasional production of glycosuria and the remarkable relief 
from asthmatic paroxysms that is often afforded by this drug It is 
now known that m laboratory animals intravenous injections of small 
doses of epinephrm usually cause a fall of blood pressure and a dila- 
tation of certain vascular areas, particularly those supplying the mus- 
cles m the extremities Analogous effects might be anticipated, when, 
owing to its subcutaneous administration to man, the absorption is slow 

’Like others, we found that the changes m blood pressure after 
subcutaneous injections of epinephrm into patients varied considerably 
(Fig 7 and Table 3) Occasionally there was a very maiked rise m 
the systolic blood pressure similar to that produced by intravenous 
injections of the drug, but as a rule the systolic pressure rose only 
moderately or at times not at all The diastolic pressure rarely rose 

In most cases it was either uninfluenced to any definite degree or 
It showed a distinct fall Watson,^® who was much impressed with 
this fall, suggested that inasmuch as “adrenalin had been proved so 
clearly to cause contraction of the peripheral vessels” the fall of 
diastolic pressure was attributable to a temporary aortic regurgitation 
In the light of our present knowledge of the vasodilator action of 
epinephrm, however, it appears more reasonable to attribute the fall 
of diastolic pressure to vascular relaxation 

In our experience the most constant effect of this drug on the 
blood pressure was an increase in the difference between the systolic 
and diastolic pressures , that is, in the pulse pressure There was also 
in almost every instance a very definite increase m the loudness of the 

12 Cannon, W B , and Lyman, H The Depressor Effect of Adrenalin on 
Arterial Pressure, Am Jour Physiol, 1913, 31 » 376 Hartman, F A The 
Differential Effect of Adrenalin on Splanchnic and Peripheral Arteries, Am 
Jour Physiol , 1915, 41 , 513 Hoskins, R G , Gunning, R E L , and Berry, E L 
The Effect of Adrenin on the Distribution of the Blood, Am Jour Physiol , 
1916, 42 , 513, 1917, 43 , 399 Hartman, F A, and McPhedran, L Further 
Observations on the Differential Action of Adrenalin, Am Jour Physiol , 1917, 
483 311 

r ^'^^tson, A Some Observations on the Effect of Hypodermic Injections 
of Adrenalin on the Blood Pressure, Practitioner, London, 1914, 92, 94 
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vascular sounds which are heard below the pressure cufif during the 
auscultatory determinations of blood pressure 

The pulse rate after subcutaneous injections of epinephrin was 
usually somewhat increased (Fig 7, Table 3) The volume pulse in 
the arm became larger (Table 3), and its form, while often unaltered, 
tended to become more collapsing (Table 3, Fig 8) This change 
suggested a vascular relaxation in the arm Unfortunately, no records 


TABLE 3— Effect of Subcutaneous Injection of Epinephrin 


Case 

Hos 

pital 

XumlDei 


Dose, 

1 1,000 
Solu 
tion. 
Minims 

Tremor 

Blood Pressure 

Pulse 

Rate 

Volume 

Pulse 

Sustained 

Qualitj 

S>s 

tolic 

Dias ' 

tolic 1 

1 

Pulse * 

18 

56167 

Before 


1 

113 



112 





After j 

15 

-r + + 

200 



124 



19 

54169 

Before 


0 

125 



84 

0 32 




After 

7 

+++ 

155 

80 

75 

104 

086 

Lessened 

20 

54276 

Before 


0 

130 

75 

55 

72 

12 




1 After 

10 

+ 

135 

64 1 

71 


185 

Lessened 

21 

53938 

Before 






1 

09 



1 

After 

10 






1 5 

Lessened 

22 

54718 

Before 


0 

110 

i 

78 ^ 

32 

65 

0 75 



! 

After 

8 

+ 

120 

64 

56 

i '' 

13 

Lessened 

23 

54241 

Before 


+ 

106 

71 1 

35 

76 

0 85 




After 

10 

+++ 

jl22 

65 ' 

57 

1 74? 

12 

No change 



I 



U05 

50 

55 

965 



24 

54035 

1 Before 


0 

128 

88 

40 

72 

06 




1 After 

10 

+ 

U34 

84 i 

50? 1 

84 

09 

Lessened 



1 



1124 

76 

485 




25 

54263 

i 

1 Before 


+ 

109 

68 

41 

64 

07 




1 After 

10 

++ 

UOS 

70 

38? 

70 

10 

No change 






J104 

64 

405 




26 

54280 

1 Before 


+ 

155 

86 

69 1 

89 

08 




1 After 

10 

+ -r 

U64 

84 

80? 

96 

10 

Lessened 






JISS 

70 j 

885 




27 

54743 

Before 

1 

+ 

119 

81 ’ 

38 ! 

66 

06 




After 

6 

1 

++ 

122 

74 1 

48 1 

76 

07 

No change 

28 

17526 

\ 

1 Before 

t 

+ 

128 

88 

40 

82 

11 




j 4fter 

' 7 

+ 

122 

1 

84 

S8 

1 

1 

12 

No change 


were made of the rate of blood flow through the arm before and after 
epinephrin injections 

A few electrocardiograms were taken before and after the injec- 
tions In some there was a distinct increase in T similar to that pro- 
duced by tyramm, m others this change was slight or did not occur 
This increase of T was most marked in a patient who also showed a 
striking rise of systolic pressure (Case 18), but its relation to the 
blood pressure changes was not further studied 

The circulator}-- alterations produced by tyramm, by epinephrin, by 
pituitary extract and by nitrogtycenn are compared in Table 4 From 
this it will be seen’- that tyramm resembles pituitary extract in that 
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both tend to raise the diastolic pressure and to cause a more sustained 
pulse, (2) that epinephrin resembles nitroglycerin in that both tend 
to lower the diastolic pressure and to cause a more collapsing pulse, 
while (3) tyramin and epinephrin resemble each other in that both 
cause a definite increase of pulse pressure, augmentation of T in the 
electrocardiogram and occasional extrasystoles 



Fig 8 — Volume pulse in the arm after the subcutaneous injection of 10 
minims epinephrin solution (1 to 1,000) Upper before and lower twenty-four 
minutes after the injection (Case 20 of Fig 7 and Table 3 ) 

DISCUSSION 

The most striking circulatory changes that we have observed in 
man after injections of tyramin may be summarized as follows 

(o) an increase in the systolic blood pressure, the pulse pressure 
and the volume pulse in the arm , 

(&) a slowing of the heart rate, and 

(c) an increase in the size of T in the electrocardiogram with the 
occasional occurrence of extrasystoles 

The increase in pulse pressure appears to be due mainly to an 
increased output of blood with each ventricular systole It is true that 
an increased pulse pressure might conceivably result from a con- 
striction or a heightened tone of the blood \essels In such a case 
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however, one would expect to find a far greater rise in the diastolic 
pressure than was actually observed Furthermore, we know that 
certain drugs which act primarily on the blood vessels produce chai- 
acteristic changes in the volume pulse of the arm Nitroglycerin, a 
typical vasodilator, causes the arm pulse to become larger and more 
collapsing,^® whereas pituitary extract, a typical vasoconstrictor, causes 
the collapsing pulse of febrile patients to become smaller and more 


lABLE 4 — Comparison of the Usual Effects on Man of Pituita.r\ 
Extract, Tyramin, Epinephrin and Nitroglycerin 



Pituitary Extract 

Tj ramin 

Epinephrin 

Ntroglycerin 

Blode oi admims 
tration 

Intramuscularly 

Subcutaneously 

Subcutaneously 

On tongue 

Systolic pressure 

No constant 
change''-* 

Marked increase 

Usual increase, 
varies from lit 
tie change to 
marked increase 

Diminished 

Diastolic pressure 

Increased** 

(febrile pulse) 

blight increase or 
no change 

Diminished or no 
change 

Diminished 

Pulse pressure 

Diminished** 
(febrile pulse) 

Marked increase 

Moderate increase 


Pulse rate 

Occasional slight 
slowing** 

Marked slowing 

Some increase 

Some increase*” 

Volume pulse in : 
arm 

Diminished*'" 
(febrile pulse) 

Increased 

Increased 

Increased*' 

Sustained quality 
of arm pulse 

More sustained*" 
(febrile pulse) 

More sustained 
or no change 

Less sustained 
or no change 

Less sustained^” 

'r wa\e in electro 
cardiogram 

No change 

Augmented 

No change or 
augmented 

No change * 

'rendcncy to pro 
duce ventricular 
evtrns\ stoles 

App irentlj none 

Present 

Piesent*" 

None 


sustained After tyramin the arm pulse becomes larger, but its 
form, if altered at all, is more sustained Such a change is not typical 
of vascular constriction, and is more readily explained on the assump- 
tion that there is an increased systolic output from the heart 

Inasmuch as this increased output at each cardiac contraction is 
accompanied by a reduction in the heart rate, the question arises 
whether the total cardiac output in a unit of time is affected by tyramin 
Our data do not furnish an accurate measure of the cardiac output 
If this IS roughly proportional to the product of heart rate X pulse 
pressure, then it vould appear that tyramin materially increases the 
total cardiac output, for under its influence the above product is often 

14 Schmidt, H B The Effect of Pituitary Injections on the Blood Pressure 
of Febrile Patients, The Archives Int Med , 1917 19, 1059 

15 Hewlett, A W Van Zwaluwenhurg, J G and Agnew, J H The Pulse 
Flow in the Brachial Arterj^ The Archives Int Med, 1913 12, 7 

16 Hewlett A W The Pulse Flow' in the Brachial \rter} the Influence 
of Certain Drugs, The Archives Int Med , 1917, 20, 1 
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increased by 50 to 100 per cent One must recognize, however, that 
various fallacies are possible in reasoning from these data It is not 
our intention therefore to msist that tyramin, which has been demon- 
strated in animal experiments to possess a vasoconstiictor action, is 
without such an action when injected into man We wish rather to 
point out that by the methods used an increased cardiac output seems 
probable, whereas vascular effects that were comparable to those pio- 
duced by pituitary extract could not be demonstrated 

Subcutaneous injections of epmephrm also caused an increase m 
pulse pressure which was accompanied by a slight to moderate increase 
m the pulse rate The product, heart rate X pulse pressure was 
therefore increased, and this may again be taken, with some reserve, 
to indicate that the cardiac output was increased by subcutaneous 
injections of this drug As compared with tyramin, however, the 
action of epmephrm, injected subcutaneously, was characterized by 
evidence of vascular relaxation In the first place, the diastolic blood 
pressure usually fell In the second place, the arm pulse usually 
became larger and it often became more collapsing, changes that are 
comparable to those produced by the administration of nitroglycerin 
This view that subcutaneous injections of epmephrm usually relax 
the blood vessels, particularly m the arm, is in accord with recent 
animal experiments which have demonstrated that small doses of 
epmephrm may reduce the blood pressure and that the drug m appro- 
priate doses dilates various vascular areas, particularly those supplying 
the voluntary muscles and the intestines 

Tyramin not only alters the heart rate and the systolic output, but 
it modifies the ventricular contractions in other ways, as is shown by 
the augmentation of T in the electrocardiogram and by the occasional 
production of ventricular extrasystoles The cause of these changes 
has not been determined Among their possible causes are mechanical 
alterations m the circulation owing to the increased systolic output 
and the heightened blood pressure, nervous influences such as accel- 
erator stimulation m addition to the vagus inhibition, and finally, a 
direct effect of the drug on the ventricular muscle We have pointed 
out that similar changes in the electrocardiogram as well as occasional 
ventricular extrasystoles have been induced by epmephrm According 
to Levy^’^ the ventricular irregularities produced in animals by epi- 
nephrin cannot be explained solely by the alterations of blood pressure 
and Roth^" found no relation between the pressure changes and the 
ventricular extrasystoles induced in cardiac patients by epmephrm 
injections By analogy, therefore, it would seem probable that the 
extrasystoles induced by tyramin are due m part to other causes than 
the changes m blood pressure and cardiac output 


17 Roth, O Ueber die Reaktion des 
Deutsch med Wchnschr 1914, 40, 905 
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OBSERVATIONS REGARDING THE LOSS OF WATER 
VAPOR THROUGH THE SKIN 
IN INFANTS 

W B McCLURE, MD, and L W SAUER, MD 

CHICAGO 

The elimination of heat from the body iS dependent almost entirely 
on radiation, conduction and evaporation While it is possible to 
determine the sum total of heat loss of an individual, the accurate 
determination of the parts entering into this sum is beset with d’ffi- 
culties which have not as yet been surmounted Nevertheless, even 
relatively simple methods can yield some information, if not of the 
amount of heat lost by one or the other mechanism, at least about 
some of the conditions exercising an influence thereon Thus, a study 
of the surface temperature gave us some data^ — more accurate than 
available before — concerning the heat loss by conduction and radia- 
tion In this communication we wish to report data with regard to 
the evaporation of water from the body suiface other\han the loss 
of water through lungs and sweat, that is, the so-csWeil-^msensible 
peispiiatwn 'A 

The observations of Loewy," made on individuals wiiose skin was 
devoid of sweat glands, would seem to demonstrate that insensible 
perspiration is entirely independent of the sweat glands 

Attempts to determine the amount of water eliminated from the 
skin in the form of insensible perspiration have been made by a con- 
siderable number of workers using various direct and indirect methods 
The literature on the subject is excellently reviewed in the paper of 
Soderstrom and DuBois ^ None of the direct methods seems to have 
been applied 'to the infant In our review of the literatuie we were 
not able to find any work in which the loss of water through the skin 
was determined separately from that through the lungs In infancy 
insensible perspiration would seem to be of special importance because 
the sweat glands usually do not functionate during this period of life 
The determination of the insensible perspiration from the total skin 
surface would be most desirable Such a procedure, if at all feasible, 

^ Submitted for publication Jan 22, 1918 

=^From the Otho S A Sprague Memorial Institute Laborator}^ of the Chil- 
dren’s Memorial Hospital 

1 McClure and Sauer Am Jour Dis Child, 1915, 10, 425 

2 Loewy Biochem Ztschr , 1914, 67, 243 

3 Soderstrom and Du Bois The Aechitos Iist Med, 1917, 19, No 
Part II, p 931 
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LOSS OF WATER VAPOR THROUGH SKIN 

would be very difficult indeed Some data with regard to the loss of 
water from a restricted area of the skin were obtained, however, by 
a simple method kindly suggested to us by Prof H G Gale of the 
Department of Physics of the University of Chicago A current of 
room air was diawn over an area of skin and subsequently through a 
set of calcium chlorid tubes properly prepared The air current was 
maintained by means of a water syphoning apparatus , the rate of flow 
was regulated readily by measuring the water withdrawn from the 
syphoning bottle during a unit of time A rectangular metal box of 
4 5 cm depth and 7 5 by 5 cm top was placed on the skin with the 
open bottom enclosing an area of 37 5 square centimeters This box 
was placed on the chest, and a control box of exactly the same dimen- 
sions, but closed on all sides, was placed immediately next to it The 
tubes for the entrance and exit of the air were at opposite ends of the 
boxes and at different levels, thus insuring better ventilation The 
control box was also connected with calcium chlorid tubes and syphon 
this arrangement the conditions for control and experiment were 
as nearly alike as possible Temperature and humidity of the room 
air were also determined The calcium chlond tubes of the two sys- 
tems were weighed before and after each observation, the control 
giving the water absorbed from the air , the other, the water from the 
air, and in addition that given off by the skin In this way the amount 
of water given off by 37 5 square centimeters of skin was determined 
A number of blank experiments were made to test the accuracy of 
our method The difference between the two sets of tubes in the blank 
experiments never was as great as 1 mg 

We preferred the method described to the one employed by Galeotti 
and Macri ^ Their apparatus consists of a small metal box with a 
sliding hd and with calcium chlorid fragments fastened to the inner 
surface The box is weighed and placed on the skin and the hd with- 
drawn After fifteen minutes the hd is replaced and the box again 
weighed The gain in weight determines the insensible perspiration 
This method is open to the objection that the apparatus is really a 
desiccator and, in addition, all of the carbon dioxid given off by the 
skin IS included in the determination 

In selecting the part of the skin to be studied the chest was decided 
on because of the convenience of applying the metal box over this 
rather large and relatively flat surface , this portion of the body is also 
relatively immobile m the infant, in whom the abdominal type of 
respiration prevails The arrangement of our experiments gives 
figures for only a limited area of skin Galeotti and Macri^ and 
Loewy^ have shown that different areas of skin give off ^different 


4 Galeotti and Macn Biochem Ztschr , 1914, 67j 472 
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amounts of water vapor We cannot, tlierefoie, with our method 
obtain any accurate data with reference to the total loss of water b}' 
insensible perspiration through the skin, but we can obtain information 
about the variations of a given area and about some factors influencing 
the insensible perspiration in this area 

RATE OF VENTILATION 

In choosing the rate of air flow it was desired to maintain a suffl- 
cient ventilation to prevent an accumulation of moisture in the metal 
box overlying the skin and yet avoid a cooling effect For our first 
determinations we used an air flow of 7 liters per hour In this way 
the air in the box was renewed 41 5 times per hour Later some 
experiments were made to see what effect a more rapid rate of ven- 
tilation would have These determinations were made on an adult, 
as it IS of importance that the subject be quiet during the observations 
The subject was seated and wore ordinary indoor clothing The chest 


TABLE 1 — Influence of Various Rates of Ventilation 


No 

Room 
Temp , 

0 

Rate 

No of 
Renewals 
per Hr 

Gm HaO 
per 

87 5 Sq Cm 

Gm H=0» 
perSq dm 
per Hr 

1 

19 

7 

L 

per 

60 

min 

415 

0 01S7 

0 0365 



14 

L 

per 

60 

mm 

830 

0 0204 

0 0544 

2 

20 

7 

L 

per 

60 

min 

41 6 

0 0124 

0 0331 



14 

L 

per 

60 

mm 

830 

0 0354 

0 0944 

3 


7 

L 

per 

60 

mm 

41 5 

0 0164 

0 0437 



14 

L 

per 

60 

min 

83 0 

0 0247 

0 0659 

4 

18 

7 

L 

per 

60 

mm 

41 5 

0 0083 

0 0221 



14 

L 

per 

60 

min 1 

830 

0 0112 

0 0299 

5 

21 

7 

L 

per 

43 

min 

680 

0 0014 

0 0052 



14 

L 

per 

43 

mm 

116 0 

0 0032 

0 0130 

0 

23 

7 

L 

per 

43 

mm 

580 

0 0047 

0 0175 



14 

L 

per 

43 

min 

116 0 

0 0169 

0 0629 

7 

18 5 

14 

L 

per 

60 

min 

830 

0 0252 

0 0672 



21 

L 

per 

60 

mm 

124 6 

- 0 0189 

0 0504 

8 

19 5 

14 

L 

per 

53 

mm 

93 9 

0 0356 

01075 



28 

L 

per 

53 

min 

187 8 

0 0320 

0 09C6 

9 

20 

14 

L 

per 

43 

mm 

116 0 

0 0035 

0 0130 



21 

L 

per 

43 

min 

173 6 

00064 

0 0238 

10 

20 

14 

L 

per 

43 

min 

U6 0 

00062 

0 0231 



21 

L 

per 

43 

mm 

173 6 

00085 

0 0343 

11 ! 

20 

21 

L 

per 

60 

min 

124 5 

0 0472 

01260 



28 

L 

per 

60 

mm 

166 0 

0 0285 

0 0760 

12 ’ 

20 

21 

L 

per 

43 

min 

173 6 

0 0097 

0 0360 



28 

L 

per 

43 

min 

2315 

0 0095 

0 03o3 

13 

20 

21 

L 

per 

43 

min 

1736 

0 0106 

0 0394 



28 

L 

per 

43 

mm 

2315 

0 0007 

{) i)3<30 


* The value m grams of water per square decimeter per hoim in all of our tables are 
guen for convenience of comparison ttith the figures of other observers 



431 


>IARCH. 1918 LOSS OF WATER VAPOR THROUGH SKIN 

was uncovered sufficiently to place the boxes on the skin Each experi- 
ment consisted of two determinations following one anothei with 
just enough time intervening for weighing the calcium chloiid tubes 
Deductions can, of course, be made only from such successive deter- 
minations, as It has been shown by Loewy^ that the amount of insen- 
sible perspiration may vary consideiably in the same individual on 
successive days under approximately similar conditions of temperatuie 
and humidity, a fact also very well illustrated in our observations 

It IS seen that an increase in the rate of ventilation up to a certain 
point IS accompanied by an increase of the values for insensible pei- 
spiration When the rate is increased beyond this, there is not only 
no further increase, but even a decrease A vasoconstriction in con- 
sequence of cooling suggests itself as a plausible explanation for this 
decrease It may be mentioned that Loewy^ has shown a definite 
decrease of the insensible perspiration on cooling the skin surface 

INSENSIBLE PERSPIRATION OF THE NORMAL INFANT 

Table 2 gives the results of determinations of insensible perspiia- 
tion in convalescent and normal infants In Nos 1 to 3 the infants 
wore only cotton diapers and the rate of ventilation was 7 liters per 
hour In Nos 4 to 8 the babies wore cotton stockings, cotton under- 
shirts and diapers The undershirts were opened over the chest to 
allow the apparatus to come in contact with the skin The rate of 
ventilation was 14 liters per forty minutes Of the latter group, in 
Nos 6c and 6d the child was restless In 6e the child was fretful and 
cried at times Nos 7 and 8 give the results obtained from observa- 
tions on the same infants serving for Nos 2 and 3, but with the room 
temperatures from 5 5 to 7 degrees C higher The relative humidity 
was about the same in all observations, that is, around 30 pei cent 
With restlessness, with fretfulness and crying, and with inci eased 
room temperature relatively high figures were obtained for the insen- 
sible perspiration One must be guarded in concluding that these 
factors actually determine an increase of insensible perspiration 
because of the variations which occur from day to day without any 
attributable cause, and the observations m the table were made on 
different dates We have a number of other observations, however, 
which give additional evidence in support of such an effect It hap- 
pened rather frequently that an infant became fretful or cried in the 
course of experiments intended to test the effect of various factors 
on the insensible perspiration, such as the effect of clothing, etc Such 
determinations, of course, had to be discarded, but invariably relatively 
high figures were obtained In other words, whenever we had to 
deal with a restless, fretful or crying baby or whenever we had occa- 
sion to repeat an observation on any infant at a room temperature 
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decidedly higher than previously, the insensible perspiration was 
invariably greater The sum total of our observations indicates 
strongly that the factors just discussed actually lead to an increase of 
the insensible perspiration 

TABLE 2 — ^Bare Chest 


A Average E«om Temperature 



! 

Age, 

Mos 

1 

wt , 
Kg 

1 

Sect 1 
Temp , 
C 

Room 
Temp , 
0 

Rate of 
Ventilation 

Gm 

HiO per 
37 5 

Sq Cm 

Gm 

H=0 per 
Sq dm 
per Hr 

Diagnosis 

RemarliS 

1 

iVz 

4 

37 

1 

23 5 

7 L per 60 min 

0 0288 

0 0768 

Convalescent 
from gastro 
enteritis 

Quiet 

2 

4 

4 

! 

37 

23 

" L per 60 min 

0 0262 

0 0698 

Convalescent 
from gastro 
enteritis 

Quiet 

8a* 

9 

5 

i 

37 

23 

7 L per 60 min 

0 0198 

0 0510 

Convalescent 
from atro 
pby 

Quiet 

Sb 

9 

6 

36 5 

23 

7 L per 60 min 

0 0190 

0 0506 

Convalescent 
from atro 
pby 

Quiet 

4 

7 

6 

36 

21 

14 L per 40 min 

1 

0 0252 

01512 

Convalescent 
from gastro 
enteritis 

Quiet 

6 

4 ! 

6 ■ 

37 

25 

14 L per 40 min 

0 0725 

0 4350 

Normal 

Quiet 

6a 

10 

8 

37 

24 

14 L per 40 min 

0 0390 

0 2840 

Normal 

Quiet 

6b 

10 

8 

37 5 

26 

14 L per 40 min 

00504 

0 3024 

Normal 

Quiet 

6c 

10 

s 

j 

37 

25 

14 L per 40 min 

0 0637 

0 3822 

Normal 

Someahat 

restless 

6d ’ 

10 ' 

8 * 

37 5 

24 5 

14 L per 40 min 

0 0681 

0 4086 

Normal 

Somewhat 

restless 

6e 

10 

8 

37 5 

26 

14 L per 40 min 

01325 

0 7950 

Normal 

Very rest 
less crying 
at times 


B High Room Temperature 


7a 

4 

4 j 

37 ! 

285 

7 L per 60 min i 

0 0546 

1 01430 

Convalescent 
from gastro 
enterit s 

Quiet 

7b 

i 4 

1 

1 

4 

37 

30 

7 L per 60 mm 

0 0634 

0 1610 

Convalescent 
from gastro 
enteritis 

Quiet 

S 

9 j 

1 

5 

37 

29 

7 L per 60 min 

0 0356 

0 0949 

1 

Convalescent 
from atro- 
phy 

Quiet 


* In tables, letters following numerals indicate additional observations on the same 
individuals 


INFLUENCE OF CLOTHING 

In attempting to determine what effect clothing has on the amount 
of water vapor given off to the surrounding air, we made determina- 
tions with the metal box placed on the clothing overlying the chest 
and followed these almost immediately with determinations on the 
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bare chest The results obtained in these observations were quite 
variable 

In one adult, for instance, the amount of moisture given off through 
the clothing (which consisted of two layeis of cotton clothing that 
had been worn for seven to eight hours) corresponded closely with 
the amount given off from the bare skin of the same region (Table 3 A) 
In another adult with similar clothing, which had been worn for 
eight hours, there were somewhat greater variations (Table 3B) 

In a series of observations on infants wheie the clothing consisted 
of two layers of cotton material (the ordinary cotton hospital clothing 

TABLE 3 — Showing the Influence of Clothing 


Adults 


No 

Surface 

1 

Hours 

Clothing 

on 

Rate 

[ , 

Values 

1 

Subject and 
Date 

Kind of 
Clothing 


■ 1 

1 

Over cloth 

8 

14 B 1 hr 

0 0235 

McC 4/11/17 

Two lajers of 








cotton clothing 



Bare 


14 L 1 hr 

0 0246 




2 

Over cloth 

7 

14 B 1 hr 

0 0185 

McC 4/12/17 

Two layers of 

A- 







cotton clothing 



Bare 


14 B 1 hr 

0 0175 




3 

Over cloth | 

7 

14 B 1 hr 

0 0234 

McO 4/13/17 

Two layers of 








cotton clothing 


. 

Bare 


14 B 1 hr 

0 0231 




4 

Over doth 

8 1 

14 B 40 min 

0 0127 

S 9/28/17 

Two layers of 




1 




cotton clothing 

i 


Bare 


14 B 40 min 

OOOCG 



1 

5 

Over cloth i 

8 

14 B 40 min 

0 0082 

S 9/29/17 

Two layers of 

B ■ 


1 





cotton clothing 



Bare 

1 


14 B 40 min 

0 0092 




G 

Over doth 

8 

14 B 40 min 

0 0286 

S 10/ 2/17 

Two lavers of 








cotton clothing 



Bare 


14 B 40 min 

0 0189 




Infants 


No 



Age, 

Mos 

Wt 

Kg 

Rect 
Temp , 
0 

Room 
Temp , 
C 

1 

' Chest 

1 

Gm 

H 2 O per 
37 5 

Sq Cm 

1 

Gm 

H:0 per 
Sq dm 
per Hr 

Rate j 

i 

Diagnosis 

EemarlvS 


ri 

11 

10 

39 

1 

23 5 

j Clothed 

1 

0 0361 

0 1440 

14 B 

Acute otitis ' 

Somewhat 







1 

1 


40 min 

media 

restless 







1 Bare 

0 0304 

01220 



Qmet 


2a 

8 

45 

i 37 

23 5 

Clothed 

0 0826 

OSS04 

14 B 

Convalescent 

Quiet 


1 



1 



1 


40 mfn 

from gastro 





1 


1 





enteritis 








Bare 

0 0005 

0 2420 



Quiet 


2b 

8 

45 

37 

24 5 

Clothed 

0 0693 ' 

0 2772 

14 B 


Qii et 







Bare 

0 0488 

01952 

40 min 


Quiet 

i 

2c 

8 

45 

37 

25 5 

Clothed 

01026 

0 4104 

14 L 

i 

Quiet 

i 






Bare 

0 0692 

0 2768 

40 min 

! 

Slightly 

- 








i 



fretful 
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worn for eight hours) there was usually somewhat more moisture 
given oft from the clothed than from the bare chest (Table 3C) 

The fact that the infants frequently became fretful, or the occur- 
rence of slight regurgitations of stomach contents, etc , made it neces- 
sary to reject a considerable number of observations The observa- 
tions on the infant in No 2, though she was much underweight, were 
selected to show the effect of clothing in the absence of restlessness 
and other disturbing factors 

It does not seem improbable that the greater amount of moisture 
given off from the clothed, as compared with the unclothed chest, 
where such was the case, can be accounted for by the increase of skm 
surface temperature^ due to the clothing 

In order to determine whether the clothing (as used in Table 3B) 
itself might give up moisture, we made determinations by placing the 
metal box over the clothing which was lying on a glass plate The 
accompanying Table 4 shows the very low values thus obtained 


TABLE 4 — Tests of Clothing Alone 


So 

Surface 

Kate ! 

Values in 
Grams 

Kind of Cloth-Dg 

1 

Over plate glass 

14 L 40 mm 

0 0040 

Two layers of cotton clothing 
as in Table 3B 

2 

Over plate glass 

14 L 40 min 

0 0011 

Two layers of cotton clothing 
as in Table 3B 

3 

1 

Over plate glass 

14 L 40 min 

0 0019 

Two layers of cotton clothing 
as in Table 3B 

4 

1 

Over plate glass 

14 L 40 min 

0 0007 

Two layers of cotton clothing 
as in Table SB 


It was desired, furthermore, to see how easily moisture passes 
through the clothing A wire mesh was placed over a shallow vessel 
which was filled with water to within an inch of the top Two layers 
of cotton clothing such as used in the experiments were spread on this 
mesh and the metal box placed over the clothing, then the determina- 
tion was made of the amount of moisture given off in the first forty 
minutes Thirty minutes after the completion of this determination 
(seventy minutes after the clothing was placed over the vessel) a 
similar determination was made Table 5 shows the results of this 
experiment 

The metal box was placed on AVire mesh over the vessel of water 
and a determination was made, then the two layers of clothing were 
placed on the mesh, the metal box placed over the clothing and 
another determination made Table 6 shows the result 
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TABLE 5 — Tests of Clothing Placed Over Water 


Surfnce 

Hrs Clothing on 

Rate 

Values 

Kind of Clothing 

Over dish of ivater 1 

Immediately | 

14 L 40 mm 1 

1 

i 

0 0745 

Tivo layers of cotton 
dotbing as m 
Table 3B 

Over dish of 'water 

1 

After 1 hour | 
10 mm 

1 

14 L 40 nun ' 

i 

0 0733 

Two lajers of cotton 
clothing as m 
Table SB 

TABLE 6 

— Another Determination Over Water With 

AND Without Clothing 

Surface 

Hrs Olothmg on 

j Rate 

Values * 

1 

Kind of Clotbing 

On wire mesh i m 
above ■water, no 
clothing 


14 1, 40 min 

1 

1 

i 0 0430 ; 


Same over clothing 

Immediately 

14 L 40 min 

0 0389 

Balbnggan undershirt 
and cotton shirt 


From these observations it may be concluded that this particular 
clothing, when worn for a number of hours, is little if any bar to 
water vapor loss 

Whether or not the humidity of the room air exercises an mfiu- 
ence we cannot say Our data do not permit us to draw any con- 
clusions and we therefore omitted figures for the relative humidity 
from our tables Niemann® seems to be the only one attributing a 
marked effect of the humidity of the air on the insensible perspiration 
of water from lungs and skin, while Nuttall® maintains that a variation 
in the percentage of relative humidity of the air has very little effect 
This question is by no means settled, it is of great importance, but 
must be left to special investigation 


ATROPHIC INFANTS 

In some observations on atrophic infants we found higher values 
for insensible perspiration than those obtained on convalescents under 
approximately equal conditions of room temperature, humidity and 
rate of ventilation 

Niemann® had found the total water vapor loss (that of the skin 
and lungs together) greater in atrophic than in normal infants This 
falls in line with the observations of Schlossmann,'^ Bahrdt and Edel- 
stein,® and Murhn and Hoobler,® which show that the metabolism of 


Niemann Ergebn der inn Med u Kinderh , 1913 11 . 32 

Nuttall Arch f Hyg, 1895, 23, 184 

Schlossmann Ztschr f Kinderh , 1912-1913, 5, 227 

Bahrdt and Edelstein Festschrift Dr Otto Heubner Berlin, 1913 

iMurlin and Hoobler Am Jour Dis Child , 1915, 9, 81 
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atrophic infants proceeds at a higher level, and with the observations 
of McClure and Sauer^ that atrophic infants may have a high surface 
temperature 

It IS self-evident from the foregoing that we are as yet far from 
being able to assign to insensible perspiration of water from the skin 
of the infant the idle it plays m the heat economy of the organism 
There is no doubt that it cannot be neglected as a factor of heat elim- 
ination, and, what is perhaps of special significance, some of the data 
given indicate that this mechanism possesses a rather great degree of 
elasticity It would seem adapted to replace some of the other means 
of heat elimination, if that became necessary, particularly in the non- 
perspiring infant 


TABLE 7 — Deterjiinations in Atrophic Inf'^nts 


No 

Mos 

1 

Wt , 
Kg 

Rect 
Temp , 
0 

Room 
Temp , 
0 

Chest 

Gm 

H=0 per 
37 5 

Sq Cm 

Gm 

H 2 O per 
Sq dm 
per Hr 

Rate 

Diag- 

nosis 

Re 

marls 

1 

9 

5 5 

36 5 

25 5 

Bare 

01284 

0 3157 

7 L 60 mm 

Severe 

atrophy 

Quiet 

2 

2 

25 

360 

220 

Bare 

0 0694 

01830 

1 

7 L 60 min 

Severe 

atrophy 

Quiet 

St 

6 

3 5 

35 6 

23 0 

Bare 

0 0928 

01474 

7 L GO min 

Severe 

atrophy 

Quiet 

3b 

G 

35 

36 0 

24 0 

Bare 

0 0847 

0 2258 

7L 60 mm 

Severe 

atrophy 

Quiet 


SUMMARY 

In so far as determinations of the loss of water vapor from a ^ 
restricted skin area permit of conclusions with regard to the loss of 
water vapor from the skin in toto, it appears 

1 The rate of ventilation has a decided eftect on the amount of 
water vapor given off by the skin This amount increases with the 
rate of ventilation up to a certain point, when it seems that a cooling 
effect prevents a further increase 

2 Cotton garments, such as used in our experiments, do not seem 
to offer any obstacle to the loss of water vapor from the skin , at least 
not when they have been m contact with the skin a number of hours 

3 Such factors as fretfulness, crying and increase in the room 
temperature increase the insensible perspiration of the infant 

4 The loss of water vapor from the skin of certain atrophic 
infants is relatively great 

5 The loss of water vapor from the skin seems sufficiently great 
to make it an important factor in the heat elimination of the infant 
Furthermore, this mechanism of heat elimination seems to possess a 
great degree of elasticity 
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At present the subject of immunity against the enteric fevers, that 
IS, typhoid, paratyphoid A and paratyphoid B, is of the utmost impor- 
tance Records of the Franco-German War, of the Boer War,^ of the 
Russo-Japanese War^ and of the Spanish- American War^ clearly show 
that the number of deaths from enteric fevers in those wars was 
approximately half of that due to wounds Therefore, the problem 
of producing immunity against the enteric fevers has occupied the 
minds of many investigators The success of the work done by Wright, 
Kabeshima^ and others m regard to immunity against typhoid fever 
has been admirably demonstrated by its practical application in the 
armies of the United States, of Japan and of all the countries now at 
war (1917) It may safely be stated that since prophylactic vaccina- 
tion against typhoid fever has been made more or less universal among 
armies, the losses from that disease have became practically negligible ^ 
During the present war the paratyphoid infections have assumed 
the preeminent place formerly held by typhoid, and consequently inves- 
tigations were necessary to place these, likewise, under control by 
prophylactic vaccination Castellani,^ Cummins and Gumming, Kabe- 


^Mvarenga Prize Essay, 1917 Submitted for publication Sept 1, 1917 
9 William Bacteria versus Bullets m Boer War 

gemischte? Tvtfh,! ^yphus-und Paratyphus schutz-impfung mittels 

fmpW m d^?N Tl Paratyphus-vaccine und die Ergebmsse der Schuzt- 
Orgl 1914 7^ Japanischen Marine, etc Centralbl f Bakteriol , etc . 

i ^ ^ lour Med Sc , 1913, 146 , 803 

^ Immunity against Infectious Disease, with Special 
Refer^ce to Antityphoid Inoculation Lancet, London, 1915 1 , 265 
5 Castel/ani Brit Med Jour , 1916,. 1 . a, 4oo 

agamstXJ^tnn; I Cumming, C C Experiments on Immunization 

against Bacillus Paratyphosus A Jour Royal Army Med Corps, 21 , 282 
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shima,2 Vincent, Dreyer,^ Ainley Walker, « and others, have demon- 
strated the advantages of prophylactic vaccination with combined 
typhoid, paratyphoid A and paratyphoid B vaccines Kabeshima- has 
not only shown that simultaneous inoculation with a vaccine contain- 
ing equal parts of B typhosus, B paiatyphosns A and B pain- 
typhosus B produced immunity against these three infections in man 
and animals, but he has also proved that the reaction to this so-calle.l 
“triple vaccine” was not more severe than that due to typhoid vaccine 
alone One of the problems in relation to prophylactic inoculation 
against the enteric fevers is whether or not a better immunity against 
these infections is obtained by inoculating with the three micro- 
organisms simultaneously, or by immunizing with each bacillus sepa- 
rately by means of a succession of inoculations , and in the latter case 
whether anything depends on the order in which the vaccines are intro- 
duced It IS m regard to this question as well as in regard to the course 
of the immunity (as measured by agglutinins) produced by proph}- 
lactic enteric vaccination, that, at Prof George Dreyer’s suggestion, I 
have performed, under the supervision of Di E W Ainley Walker, 
a series of immunization experiments in men and animals with 
B typhosus and the paratyphoid bacillus 

It seemed probable that the alterations which occur in the amount 
of agglutinins present in the blood during diflerent periods and modes 
of immunization could be made to yield fresh and valuable information 
as to what is taking place in the organism during immunization More- 
over, it was of considerable economic and general interest to ascertain 
as exactly as possible at what period the greatest amount of antibody is 
found present in the blood of inoculated animals 

For these reasons I carried out a series of inoculations in a numbei 
of men and rabbits with vaccines prepared from cultuies of one, two or 
all three of the bacilli (B typhosus, B pa)atyphosus A and B paia- 
typhosus B), varying the order of their introduction in the successive 
immunizations of difterent groups of rabbits 

The arrangement of these groups is shoAvn in Table 1, where th( 
nature of the vaccine used on each occasion, the dosage and the inter- 
vals of time between successive inoculations are given Reference is 
also made in each case to the corresponding agglutinin curve of the 
serum 

The object in view in Group I was to determine the amounts of 
agglutinins for each micro-organism produced by simultaneous inocula- 
tions with all three bacilli, namely, B tyhosus, B paiatyphosns A and 
B pai atyphosus B 

7 Dreyer, G Hospitalstid , 1906, Ibid, Bnt Med Jour, 1904, 2, 564, Ibid, 
Jour Pathol and Bactenol , 1909, 13 , 332 

8 Dreyer, Ainly Walker and Gibson Lancet, London 1915, 1 , 324 
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TABLE 1— Scheme of Experiments on Rabbits (Intraperitoneal 

Inoculations) 




Fourth 

Fifteenth 

Seventieth 

Eightieth 

Title of Experiment 

Bacilli Inoculated 

Day, 

Millions 

Day, 

Millions 

Day, 

Millions 

Day, 

Millions 

Group I 

Curves 1 and 2 

B typhosus 

1,000 

2,000 

None 

None 

B paratyphosus A 

BOO 

1,000 

None 

None 

Rabbits 1 and 2 

B paratyphosus B 

500 

1,000 

None 

None 


B typhosus 

None 

None 

1,000 

1 2,000 

Group II 

Curves 3 and 4 
Rabbits 3 and 4 

B paratyphosus A 

600 

i 

1,000 

None 

None 

None 

None 

B paratyphosus B 

1 500 

1 

1,000 


B typhosus 

1,000 

2,000 

None 

None 

Group III 
Curves 5 and 6 

B paratyphosus A 

None 

None 

500 

1.000 

Rabbits 5 and 6 

1 

1 

B paratyphosus B 

None 

None 

500 

1,000 

j 

B typhosus 

None 

None 

1,000 

2,000 

Group IV 



600 

1,000 

Curves 7 and 8 
Rabbits 7 and 8 

B paratyphosus A 

None 

None 


1,000 


B paratyphosus B 

1 

None 

None 

500 


B typhosus 

500 

None 

None 

None 

Group V 





Curves 9 and 10 
Rabbits 9 and 10 

B paratyphosus A 

250 

None 

None 

None 


B paratyphosus B 

250 

None 

None 

None 


The aim in Group II was, first, to determine the amounts of agglu- 
tinins produced by simultaneous inoculations with B pat atyphosus A 
and B paratypliosus B, and secondly, to ascertain the effect of subse- 
quent inoculation with B typhosus (after an interval of seven weeks) 

The object aimed at in Group III was, first, to determine the 
amounts of agglutinins produced by inoculations with B typhosus, and 
second, to ascertain the effect of subsequent simultaneous inoculations 
with B pai atyphosus A and B pai atyphosus B (after an interval of 
seven weeks) Thus the procedure was exactly the reverse of that m 
Group II 

The aim in Group IV was to determine the amounts of agglutinins 
produced by simultaneous inoculations with B typhosus, B paia- 
fyphosiis A and B pai atyphosus B The procedure was the same as in 
Group I, except that the inoculations were made at a later date, being 
carried out on the same days as the second series of inoculations in 
Groups II and III 

The aim m Group V was to determine the amounts of agglutinins 
produced bv a simultaneous inoculation with B typhoms B paia- 
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typhosus A and B pm atyphosus 5 in a dose of half the amount used 
in the first doses in Groups I and IV, and of the same amount as used 
in the first doses of Groups VI and IX in the curves for men 

In order that the results of all the experiments might be compar- 
able, Group I received its inoculations on the same days as the first 
series of inoculations in Groups II and III , and Group IV received its 
inoculations on the same days as the second series of inoculations in 
Groups II and III 

As soon as the foregoing experiments were fully in tram, and 
facility had been acquired in the use of the methods involved, I insti- 
tuted an investigation along similar lines in man 

For this purpose I availed myself of the kindness of a number of 
friends who willingly placed themselves at my disposal for inoculation 
and repeated blood examinations To them I am deeply indebted for 
the opportunity of extending this investigation to the human subject, 
and examining in detail the development of agglutinins in man n 
response to immunization 

The experiments in man may be divided into eight groups (that is, 
Groups VI-XIII) Tables 2 and 3 exhibit the details of the grouping, 
together with the dosage and character of the vaccine used on each 
occasion and the intervals between the doses Reference is also given 
in each case to the corresponding agglutination curve of the serum 


TABLE 2 — Scheme of Experiments on Men (Subcutaneous Inoculation) 



1 

; j 

Third 

Thirteenth 

Thirty- 

Eorty- 

Title of Experiment 

Bacilli Inoculated 

Bay, 

Bay, 

sixth Bay, 

sixth Bay, 


Millions 

Millions 

Millions 

Millions 

Group VI 

Curves 11 and 12 

B typhosus 

500 

1,000 

None 

None 

B paratyphosus A 

250 

500 

None 

None 

V G and J G J 




None 


B paratyphosus B 

250 

1 

600 

None 


B typhosus 

None 

None 

600 

1,000 

Group VTI 
Curves 13 and 11 

B paratyphosus A 

250 

1 

500 

None 

None 

E D R and H W T 

B paratyphosus B 

250 

600 

None 

None 


B typhosus 

500 

1,000 

None 

None 

Group Vm 





500 

Curves 16 and 16 

T P and E A W 

B paratyphosus A 

None 

None 

260 

500 

B paratyphosus B 

None 

None 

260 

Group IX 

Curves 17 and 18 

B typhosus 

None 

i 

None 

600 

1,000 

B paratyphosus A 

None 

None 

250 

600 

r H M andW 0 0 

B paratyphosus B 

None 

None 

250 

600 
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Previous 

One to Three 

Eighteen 

Title of 
Experiment 

Bacilli 

Inoculated 

Typhoid 

Immunization, 

Millions 

Tears 

Later, 

Millions 

1 

i— 

Days 

Later, 

Millions 


B typhosus 

(1) 600 
(2) 1,000 

1 

600 

1,000 

Group X 

(3) 1,000 ] 



Curves 19, 20, and 21 

J W , E F H and 

! » 1 

B paratyDbosus A 

1 

None 

250 

500 

B H N 

3 paratypbosus B 

None 

260 

500 


B typhosus 

(1) 500 

(2) 1,000 

500 

1,000 

Group XI ' 

(2) 1,000 



Curves 22 and 23 

A D G andW 0 D 

B paratypbosus A 

None 

500 

1,000 


B paratyphoaus B 

None 

BOO 

1,000 


* These represent the Intervals and doses oi the majority of the Individuals The exact 
Intervals and doses are given for each case under the individual curves 


The object m view in Groups VTIX (Curves 11-18) was the same 
as that which has already been outlined for Groups I-IV in the senes 
of rabbits, except that the doses used in the human subject were only 
half the amounts used for the rabbits 

The aim in Group X was to deteimine the amounts of agglutinins 
and the effect produced by simultaneous inoculations with B typhosus, 
B pai atyphosus A and B pai atyphosus B in individuals immunized at 
least a year previously with two and three inoculations of B typhosus 
Group XI differs from Group X only in that the individuals 
received larger doses of B pai atyphosus A and B pai atyphosus B 
after having been inoculated at least a year previously with typhoid 
vaccine The aim in Group XI was to determine how the production 
of agglutinins was affected by this increased dosage 

It IS generally agreed that the agglutinins produced by typhoid and 
paratyphoid inoculations are at any rate a lOUgh measure of the degree 
of immunity induced against infection by these organisms® No evi- 
dence has hitherto been recorded, so far as my knowledge goes, which 
would tend to demonstrate the possibility of the production of anti- 
bodies without a corresponding development of immunity Moreover, 
It is known that m other cases (for example, that of diphtheria anti- 
toxin) immunity may persist for a considerable period after all measur- 
able amounts of antibodies have disappeared from the serum 

Accordingly, it is, in the present state of knowledge, assumed with 
confidence that the measure of agglutinins present in the serum forms 


Ibid I’ Centralbl £ Baktenol, 1909, 

Ibid , Bnt Med Jour , 1913, 2, 1577 , 1914, 2, 814 , 1915, 2, , 1916, 1 . 
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a conservative estimate of the degree of immunity acquired, and it is 
further assumed that an active increase oi decrease in the agglutination 
titer of the serum is an indication of an increase or decrease m 
immunity 

It IS not the pin pose of the present investigation to inquire m detail 
into the nature of the processes involved in agglutination Neverthe- 
less, a brief summary of the work done along this line may be of value 
in helping to throw light on the bearing of the experiments here 
recorded 

Nearly twenty years ago it was shown by Nicolle^® that the agglu- 
tination of bacteria depended on the formation of a compound between 
the agglutinating agent, or agglutinin, of the serum, and the agglutinable 
substance in the bacteria After Bordet^^ and later Joos^^ had proved 
that the presence of salt is essential for agglutination, it has been ctis- 
tomaiy to regard the process as a direct or indirect consequence of the 
union of these three substances (that is, salt, agglutinin and agglutin- 
able substance) Gruber,^^ Neufield,^"* Bordet,^^ Ehrlich, Wassermann,“ 
Kirstein, Bail,^® Eisenberg,^^ Volk, Dreyer and Jex-Blake,^® Ainlev 
Walker^® (1902), Dreyer and Amley Walker^® (1909) have all greatly 
advanced our knowledge of the essential characteristics of this process, 
and Amley Walker^® and later Dreyer and Amley Walker,^® and more 
recently McFarland^^ (1911), have shown that agglutinins are produced 
by the leukocytes and leukocyte-forming tissues of the body (notably 
the bone marrow) 

It thus appears that the production of agglutinins is in close asso- 
ciation with those tissues of the body whose activity appears to form 
the basis for the development of immunity 

METHODS 

The vaccines used in these experiments were kindly made for me by Dr 
E W Amley Walker, from stock cultures of B typhosus, B paratyphosus A 
and B pai atyphosus B, grown on agar slopes in culture tubes for twenty-four 

10 Nicolle Ann de ITnst Pasteur, 1898, 12 , 161, Nicolle and French 
Ibid , 1902, 16 , 562 

11 Bordet Ann de ITnst Pasteur, 1896, 10 , 193, Ibid, 1900, 14 , 257 

12 Joos Ztschr f Hyg u Infectionskrankh , 1901, 36, 422, Ibid, 1902, 
40 , 203 

13 Gruber Munchen med Wchnschr , 1899, 46, 1329 

14 Neufeld Ztschr f Hyg u Infectionskrankh , Leipsic, 1902, 40 , 54 

15 Wassermann Ztschr f Hyg u Infectionskrankh , 1902, 42 , 267 

16 Bail Prag med Wchnschr , 1901, 26 , 85 

17 Eisenberg Ztschr f Hyg u Infectionskrankh , 1902, 40 , 155 

18 Dreyer, G, and Blake, Jex A Jour Path and Bacteriol , January, 1906, 
pi 

19 Amley Walker, E W Jour Hyg, Cambridge, 1903, 3, 52 

20 Dreyer and Amley Walker Jour Pathol and Bacteriol, 1909, 14 , 28 

21 McFarland, W S Communications de LTnstitut Sciothiapigne de 

L’Etat Danois 
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hours at 37 C The growth was then washed off with normal saline solution to 
which 0 5 per cent of phenol had been added Each bacillary suspension was 
killed by heating in a waterbath at 56 C for thirty minutes, then gradually 
raising the temperature to 56 C and maintaining it at that level for an hour 
The suspensions were then proved sterile and counted by Wright’s blood-film 
method One vaccine was then made so that 1 cc contained 1,000 million 
B typhosus A second vaccine containing 500 million B pai atyphosus A, and 
500 million B paratyphosus B in 1 cc, and a third vaccine containing 1,000 
million B typhosus, 500 million B pai atyphosjis A, and 500 million B paia- 
typhosus 5 in 1 c c were made In order that Castellam’s results might be 
repeated, a fourth vaccine was made containing 1,000 million B typhosus, 1,000 
million B pai atyphosus A and 1,000 million B pai atyphosus 5 in 1 cc 

The vaccines were distributed into small sterile glass vials and sealed up and 
kept in a cold store at 2 C until required One or two bottles from each 
batch were then finally tested for sterility by culture methods and also by inject- 
ing 2 c c into a rabbit and a gumea-pig 

The inoculation was made in the case of two rabbits (Group V) by intra- 
peritoneal injections of 0 5 cc of vaccine But as this proved to be too small 
a dose with which to demonstrate agglutinin curves clearly, it was decided to 
give all of the other rabbits intrapentoneal injections of 1 cc followed in 
from nine to fifteen days later by a second dose of 2 c c In the case of the 
men, 0 5 c c of the vaccine, followed at an interval of from nine to twenty 
days by 1 cc, was injected subcutaneously at the back of the arm with the 
usual precautions 

For each test from 1 to 2 c c of blood was taken In the case of the rabbit 
It was procured by the following routine the ear was shaved, then sharply 
flicked and a few drops of xylol were dropped on it to dilate the vessels A 
small amount of petrolatum was rubbed on the area over the vessel, which was 
then punctured with a sterilized needle and the blood was allowed to drop 
into a small sterile test tube In the case of the men from 1 to 2 c c of blood 
was usually collected by inserting a small sterilized hypodermic needle into the 
median basilic vein at the bend of the elbow (the skin having been previously 
painted with lodin) and the blood was aspirated into a sterile syringe The blood 
was then blown into a small sterile test tube In a few instances blood was 
obtained by pricking the thumb or finger and collecting the blood in a Wright’s 
capsule or in the ingenious and efficient Asheville capsule described by Lyon^ 
In practice, when frequent bleedings are necessary, the former technic is 
preferable, for it is simpler and causes far less discomfort to the subject 

The blood thus collected is allowed to clot for an hour at room tempera- 
ture The clot IS then loosened from the sides of the tube with a fine glass 
rod and the tube is placed in a cold store at 2 C until tested I have found that 
tests of the same serum at different periods within forty-eight hours give no 
appreciable change, but keeping for a longer time gives less accurate observations 
The tubes are then centrifuged for several minutes and the supernatant 
serum pipetted off and tested by Dreyer’s’ technic 

The description which follows is that issued by the Standards Laboratory 
of the Department of Pathology of this university on behalf of the Medical 
Research Committee 

1 Techmc —Take a stand containing fifteen agglutination tubes in three rows 
of five each, and a dilution tube 

With the proper dropping pipet measure out into the dilution tube 30 drops 
of normal saline solution (085 per cent sodium chlorid, in distilled water, 
where the water supply is pure, tap water can be used instead of saline solu- 
tion), by means of gentle pressure on the teat 
Wash the pipet with distilled water 


22 Lyon, Jr , M W Jour Am Med Assn , 1915, 65, 1813 
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Dry out the pipet with successive quantities of absolute alcohol, followed 
by successive quantities of ether, and get rid of the ether 

Take up the serum to be tested into the dried pipet For the first examina- 
tion measure out 30 drops of the serum into the dilution tube already containing 
the 30 drops of saline solution, thus obtaining a dilution of 1 in 2 Mix 
thoroughly 

Carefully wash out the pipet 


With the pipet 

measure out 

into each row of tubes as follows 


Drops of 
Normal 

Drops of 
Serum 


No of 

Saline 

Dilution 


Tube 

Solution 

1 in 2 


1 

0 

10 

To each tube in Row 1 add 15 drops of B 
typhosus standard agglutinable culture 

2 

5 

5 

3 

8 

2 

To each tube m Row 2 add 15 drops of B 
paratyphosus A standard agglutinable cul- 
ture 

4 

9 

1 


5 

10 

0 

To each tube in Row 3 add IS drops of 
B paratyphosus B standard agglutinable 
culture 


At each stage of the procedure the pipet is carefully washed and dried out 
with successive quantities of absolute alcohol followed by successive quantities 
of ether 

Shake each tube thoroughly in order from right to left, that is, beginning 
each row with the highest dilution 

Place the stand either for two hours in a water-bath at from 50 to 55 C 
(not in dry air), or for eight hours in an incubator at 37 C if traces of 
hemolysis are present “ 

In Tube 1 of each row the serum acts in a dilution of 1 in 5 

In Tube 2 of each row the serum acts in a dilution of 1 in 10 

In Tube 3 of each row the serum acts in a dilution of 1 in 25 

In Tube 4 of each row the serum acts in a dilution of 1 in 50 

Tube 5 containing no serum, is the control against spontaneous agglutination 
If the limit of agglutination is not reached within this series, higher dilutions 
are followed out in a similar manner 

Thus, for example, 57 drops of normal saline solution plus 3 drops of a 
1 in 10 serum dilution will give a serum dilution of 1 in 200, and, using the 
same quantities as before, one has the serum acting in dilutions of 1 in 500, 1 
in 1,000, 1 in 2,500, and 1 in 5,000 And similarly for higher dilutions 

The tubes are examined after two hours at from 50 to 55 C , or eight hours 
at 37 C, followed by standing at room temperature for fifteen minutes The 
reading is taken by comparing each tube in succession with the control tube, 
and IS preferably made by means of artificial light against a black background 


23 In the case of the rabbit’s serum, I found that hemolysis was slightly 
more frequent than in human serum, so I tested all of the former in the incu- 
bator at 37 C for eight hours, while all of the latter I examined in the more 
usual way in the water bath at from 50 to 55 C for two hours I may say 
that in several experiments in which I tested one sample of the same serum 
in the water bath at 55 C for two hours, and a second sample in the incubator 
at 37 C for eight hours, I found no discrepancy or difference in the titer of 
agglutination produced so the results of the two procedures are comparable 
in every way 
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If daylight is used, the tubes inspected should be partly shadowed by passing 
a finger up and down behind them 

The highest dilution in which marked agglutination (medium sized flocculi) 
without sedimentation can be detected by the naked eye is “standard agglu- 
tination ” 

It frequently happens that in a given series there is no tube which shows 
a degree of agglutination which we can accept as “standard” (S) For 
instance there may be a jump from total (T) in one tube to trace (tr) in 
the next — the serum in the former is too strong, that in the latter too weak 
to produce standard (S) agglutination Evidently standard (S) agglutination 
would be given in a serum dilution intermediate between these two How 
are we to judge where to “place” our standard^ Experience shows that all 
the recognizable degrees of agglutination, from total to trace, may be tabulated 
as m the following scheme 


T — Total — complete agglutination, the supernatant fluid being absolutely clear 
and all of the bacteria being in the sediment at the bottom of the tube 
T — a. point midway between T and T — 

T- — = Total Minus — supernatant fluid contains large flocculi and sedimentation 
IS also present 

T — = a point midway between T — and S -j- 
S -}- = Coarse Standard — large flocculi without sedimentation 
5 4- = a point midway between S 4- and S 
S = Standard — medium flocculi without sedimentation 
S = a. point midway between S and S — 

S — — Fine Standard — fine flocculi without sedimentation 
5" — = a point midway between S — and tr 4- 

tr 4- = Trace Plus — agglutination plainly visible to naked eye but ndt suffi- 
ciently well marked to see separate flocculi 
tr = Trace — agglutination just visible to the naked eye 

This scheme shows 12 degrees of agglutination which may bridge the space 
between total and trace at equal intervals Such a scheme makes it easy to 
calculate the probable position of standard agglutination when it falls between 
two tubes For instance, on the twenty-eighth day of Curve 12 I found that 
the typhoid agglutination in the series of tubes was as follows 


Tube 1 Tube 2 

1 T 1 


2,500 


5,000 S — 


Tube 1 shows more than standard agglutination and Tube 2 shows less than 
standard Standard, therefore, must he between Tubes 1 and 2, that is, 
between the dilutions ^,500 and %,ooo Assuming that the gradations in the 
scheme I have adopted are equal, since eight of these gradations occur between 
T and S — , then S would be placed as follows 


T 

1 


2,500 


1 2 3 4 5 6 

T T— T— S4- 54* S 

1 


7 8 

S S — 
1 


5,000 


In other words, the dilution in which standard agglutination would occur 
li ’2.C00 4- 9s of the difference between 3,^ 500 and %,ooo, that is, Vs.soo % of 
^,500 > that IS, / ztsoi ) 4* ^1,875, that is, ^,375 (when divided by the sensitivity 
tactor of the agglutinable culture used, this equalled 541 “standard agglu- 
tinin units ’) 
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This arbitrary system may lead to slight error, but as it has the great 
advantage of being applicable to all cases and does not depend on any bias 
of the experimenter, I have adopted it 

When the standard degree of agglutination (“standard agglutination”) 
occurs with standard agglutmable culture in a serum dilution of 1 in x, then 
X divided by the figure given on the label (sensitivity factor) of the standard 
agglutmable culture employed gives the number of “standard agglutinin units" 
contained mice of the serum examined 

Thus, if standard agglutination occurs in a dilution of 1 in 1,000 and the 
number on the label is 2 5, then , that is, 400, is the number of standard 
agglutinin units contained mice of the serum examined 

For uniformity and simplicity m recording results they should be expressed 
in standard agglutinin units 

In the curves the ordinates represent the number of standard agglutinin 
units The abscissae represent the days on which examinations were made 

The standardized agglutmable cultures' used m this technic were those pre- 
pared by the standards laboratory of the Department of Pathology, Oxford, 
on behalf of the Medical Research Committee, and the description I have given 
of their mode of preparation and standardization is the one issued by that 
laboratory 

1 Preparation — The bacillus (5 typhosus, B paratyphosus, etc) is grown 
for twenty-four hours at 37 C m ordinary veal peptone bouillon“ in large 
Erlenmeyer flasks partly filled (1 liter of bouillon in a one and a half liter 
flask) 

Before use the flasks of bouillon are sterilized m the autoclave at 115 C for 
not more than fifteen minutes, and are then tested for sterility by incubation 
at 37 C for forty-eight hours 

They are inoculated with a few drops each from a twenty to twenty-four 
hours’ old bouillon culture of the bacillus (B typhosus or B paratyphosus, etc ) 

The culture used should be one which has been subcultivated daily in bouillon 
for one or two weeks (or longer) This continued subcultivation has the 
effect of increasing its agglutinability and diminishing any tendency to spon- 
taneous agglutination 

At the end of twenty to twenty-four hours’ growth at 37 C the flasks are 
well shaken, and to each is .added 01 per cent (1 cc per liter) of com- 
mercial (40 per cent ) formaldehyd They are again shaken and placed in a 
cold chamber m the dark at about 2 C 

At intervals on the same day and on subsequent days for four or five days 
the flasks are again thoroughly shaken and replaced at once in the cold 
chamber 

After three or four days they will be found to be absolutely sterilized 
Should it happen that the bacterial suspension is not entirely homogeneous, 
it may be shaken for some hours m a mechanical shaker, or may finally be 
filtered through sterile cotton wool 

2 Standardization — The process of standardization consists (a) m making 
up the killed culture to an opacity as nearly as possible identical with that of 
the standard agglutmable culture, (b) m measuring its agglutinability as com- 
pared with the standard agglutmable culture by the use of standard serum 


24 The standard agglutinin unit is that amount of agglutinating serum 
which when made up to 1 c c volume with normal saline solution causes 
standard agglutination on being mixed with 1 5 c c of a particular standard 
agglutmable culture and maintained at 55 C for two hours in a water bath, 
or at 37 C for eight hours m an incubator, followed by fifteen minutes at 
room temperature 

25 The bouillon is titrated against phenolphthalein and two-thirds of tnat 
amount of sodium hydrate which would render it neutral to phenolphthalein 
is added before the final boiling and filtration 



RIL, 1918 


MIXED TRIPLE VACCINE 


447 


(a) The killed culture is diluted to the required degree with normal saline 
solution, to which has been added 0 1 per cent of commercial formaldehyd 

In making up the standard agglutinable culture issued, a constant opacity 
IS secured by the use of a special apparatus (the diaphanometer) But for 
ordinary purposes it will be found that reasonable accuracy is obtained by put- 
ting a measured quantity of killed culture and of standard agglutinable cul- 
ture in two tubes of equal size and diameter and comparing the opacity 
against thin black lines ruled on a white background Diluting fluid is added 
until the opacity of the killed culture is brought down to that of the standard 
agglutinable culture The quantity of fluid thus added being known, the 
amount of diluting fluid which must be added to the killed cultures is readily 
calculated 

(b) To measure the agglutinability of the killed culture thus diluted, pro- 
ceed as follows 

Take two stands and place twelve agglutination tubes in each Prepare 
(1) a dilution of standard agglutinating serum of such strength that each 
cubic centimeter contains from 4 to 8 standard agglutinin units, and from 


this prepare (2) a second dilution of half that strength 
With the pipet measure out 

Drops of 
Normal Saline 
Solution 

Into Tube 1 of each stand 0 10 

Serum 

Dilution 

drops of Dilution 

1 

Into 

Tube 

2 

of 

each 

stand 

2 

8 

drops 

of 

Dilution 

1 

Into 

Tube 

3 

of 

each 

stand 

4 

6 

drops 

of 

Dilution 

1 

Into 

Tube 

4 

of 

each 

stand 

5 

5 

drops 

of 

Dilution 

1 

Into 

Tube 

5 

of 

each 

stand 

6 

4 

drops 

of 

Dilution 

1 

Into 

Tube 

6 

of 

each 

stand 

3 

7 

drops 

of 

Dilution 

2 

Into 

Tube 

7 

of 

each 

stand 

4 

6 

drops 

of 

Dilution 

2 

Into 

Tube 

8 

of 

each 

stand 

5 

5 

drops 

of 

Dilution 2 

Into 

Tube 

9 

of 

each 

stand 

6 

4 

drops 

of 

Dilution 

2 

Into 

Tube 

10 

of 

each 

stand 

7 

3 

drops 

of 

Dilution 

2 

Into 

Tube 

11 

of 

each 

stand 

8 

2 

drops 

of 

Dilution 

2 

Into 

Tube 

12 

of 

each 

stand 

10 

0 

drops 

of 

Dilution 

2 


To each tube of one stand is added 15 drops of standard agglutinable 
culture, and to each tube of the other stand, 15 drops of the killed culture 
under standardization 

At each stage of the procedure the pipet is carefully washed and dried out 
with successive quantities of absolute alcohol, followed by successive quan- 
tities of ether 

The stands are placed for two hours in a water bath at from 50 to 55 C, 
then allowed to stand for fifteen minutes at room temperature and a reading 
subsequently taken by selecting in the series made with standard agglutinable 
culture the tube which exhibits standard agglutination (the highest dilution 
in which marked agglutination without sedimentation, can be detected by the 
naked eye), and ascertaining which tube in the other series shows the same 
degree of agglutination Should the tube be the same in each senes the agglu- 
tinabihty of the killed culture is clearly equal to that of the standard If not 
the same, the degree of agglutinability of the killed culture is now readily 
determined 

Thus, suppose that Tube 5 m the standard series corresponds to Tube 2 
in the other senes The standard agglutinable culture is twice as agglutinable 


26 More recently the standards department of the Department of Pathology, 
Oxford University, has adopted a more sirnple method of standardizing the 
opacity of agglutinable cultures This is described by Dreyer and Gardner in 
The Bto-Chcmxcal Journal (England), 1916 10 , 399 
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as the killed culture under standardization, since only half the quantity of 
serum has been required to agglutinate it to the same degree 

Hence, if any given serum presented for examination is found to agglu- 
tinate this particular killed culture in a dilution of, say, 1 in 500, then SOO 
multiplied by 2 and divided by the figure given on the label of the standard 
agglutinable culture is the number of standard agglutinin units mice of the 
serum examined 

Or again, if the killed culture were, say, 1 3 times as agglutinable as the 
standard agglutinable culture, then m the same example as above, SOO divided 
by 1 3, and again divided by the figure given on the label of the standard 
agglutinable culture, is the number of standard agglutinin units in 1 cc of 
the serum examined 

It will be seen from this description that the standard, cultures are 
prepared in batches, each of which bears a different sensitivity factor 
by means of which the standard units are calculated In working out 
long curves it is seldom possible to employ the same batch of culture 
throughout In most of my curves one or more culture changes have 
been made As a rule, no appreciable irregularity in the curve is found 
at these points, but in one or two instances a distinct irregularity 
occurred which was attributed to an alteration since the time of stan- 
dardization in the sensitiveness of one or other of the cultures 
employed When it has been perfectly clear that irregularities have 
been due to these changes, I have corrected the levels of the curve at 
these points 

CURVES PLOTTED FROM THE EXPERIMENTS ON MEN 
AND ANIMALS 

I shall first give a more or less detailed description of the curves 
plotted from the results of agglutination tests made at short intervals 
on the rabbits, and then a similar description for the curves plotted 
from the agglutination tests made on the human subject 

The rabbits were all healthy animals They were weighed daily 
In each case the blood was examined two or more times before inocula- 
tions were commenced, to determine the base-line of normal agglutina- 
tion The local and general reactions to the inoculations given were in 
no way severe At the most there was only a small decrease in body 
weight following the injection 

Rabbit 1 — (Group 1, Curve 1) The typhotd agglutinins began their rise 
on the third day from inoculation, reaching a maximum on the ninth day On 
the eleventh day the rapid fall of the typhoid agglutinins (33 per cent ) had 
begun The second inoculation was then administered For the next two 
days there is no change in agglutination titer (that is, no negative phase' was 


27 Any fall in titer which occurs within forty-eight hours after an inocu- 
lation, is referred to in these descriptions of curves, as a negative phase In 
many cases (as in falling curves) it might be contended that these drops were 
not the true negative phases of Wright However, their significance will 
discussed later 



LXPLANAIION OF CURVES 

_ tjphoid = oaratjphoid A paratyphoid B 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyphosus B 
Body weight 


Curve 
Fourth Day 
1,000 million 
500 million 
500 million 
2,390 gm 


1 — Group 1, Rabbit 1 
Fifteenth Day 

2.000 million Nil 

1.000 million Nil 

1,000 million Nil 

2,270 gm Nil 


Curve 2 — Group 1, Rabbit 2 
Bacilli Inoculated Third Day Eighteenth Day 

B typhosus 1,000 million 2,000 million Nil 

B paratyphosus A 500 million 1,000 million Nil 

B paratyphosus B 500 million 1,000 million Nil 

Body weight 2 050 gm 1,990 gm 


Nil 

Nil 

Nil 

Nil 


Nil 

Nil 

Nil 


Curve 3 — Group 2, Rabbit 3 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyphosus B 
Body weight 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyr't’nsus B 
Body weight 

Note Rabbit 4 developed a 


Fourth 

Day Fifteenth Day 

Seventieth Day 

Eightieth Day 

Nil 

Nil 

1,000 million 

2 000 

million 

500 

million 1,000 million 

Nil 

Nil 


500 

million 1,000 million 

Nil 

Nil 


2,640 

gm 2,250 gm 

2,540 gm 

2,480 

gm 


Curve 4 — Group 2, Rabbit 4 



Fourth 

Day Fifteenth Day 

Seventieth Day 

Eightieth Day 

Nil 

Nil 

1 000 million 

2 000 

million 

500 

million 1,000 million 

Nil 

Nil 


500 

million 1,000 million 

Nil 

Nil 


1,480 

gm 1,510 gm 

1,600 gm 

1.640 

gm 


■‘wry’' neck through fighting on the seventy eighth day 



Curve 

5 — Group 3, Rabbit 5 




Bacilli Inoculated 

Fourth Day 

Fifteenth Day 

Seventieth Day 

Eightieth Day 

B typhosus 

1,000 million 

2,000 million 

Nil 


Nil 


B paratyphosus A 

Nil 

Nil 

500 

million 

1,000 

million 

B paratyphosus B 

Nil 

Nil 

500 

million 

1,000 

million 

Body weight 

2,060 gm 

2,230 gm 

2.000 

gm 

2,220 

gm 

Rabbit 5 developed a suppurating 

ear in the twenty second day which 

continued through 

out the experiment 








Curve 

6 — Group 3, Rabbit 6 




Bacilli Inoculated 

Fourth Day 

Fifteenth Day 





B typhosus 

1,000 million 

2 000 million 

Nil 


Nil 


B paratyphosus A 

Nil 

Nil 

Nil 


Nil 


B paratyphosus B 

Nil 

Nil 

Nil 


Nil 


Body weight 

1,250 gm 

1,400 gm 





Rabbit 6 died on the twelfth day with a broken neck caused by fighting 



Curve 

7 — Group 4, Rabbit 7 




Bacilli Inoculated 



Second 

Day 

Eleventh 

1 Day 

B typhosus 

Nil 

Nil 

1,000 

million 

2,000 

million 

B paratyphosus A 

Nil 

Nil 

500 

million 

1,000 

million 

B paratyphosus B 

Nil 

Nil 

500 

million 

1,000 

million 

Body weight 



1,290 

gm 

1,400 

gm 


Curve 

8 — Group 4, Rabbit 8 




Bacilli Inoculated 



Second 

Day 

Eleventh 

1 Day 

B typhosus 

Nil 

Nil 

1,000 

million 

2,000 

million 

B paratyphosus A 

Nil 

Nil 

500 

million 

1,000 

million 

B paratyphosus B 

Nil 

Nil 

500 

million 

1,000 

million 

Body weight 



1,210 

gm 

1,270 

gm 


Curve 

9 — Group 5, Rabbit 9 




Bacilli Inoculated 

Ninth Day 






B typhosus 

500 million 

Nil 

Nil 


Nil 


B paratyphosus A 

250 million 

Nil 

Nil 


Nil 


B paratyphosus B 

250 million 

Nil 

Nil 


Nil 


Body weight 

1,900 gm 







Curve 

10 — Group S, Rabbit 10 




Bacilli Inoculated 

Ninth Day 






B typhosus 

500 million 

Nil 

Nil 


Nil 


B paratjphosus A 

250 million 

Nil 

Nil 


Nil 


B paratjphosus B 

250 million 

Nil 

Nil 


Nil 


Bodj w eight 

2,930 gm 






T 

Curve 11 — Group 6, 

W G 




Bacilli Inoculated 

Sixth Daj 

Fifteenth Daj 





B tj phosus 

500 million 

1,000 million 

Nil 


Nil 


B paratjphosus A 

250 million 

500 million 

Nil 


Nil 


B paratj phosus B 

250 million 

500 million 

Nil 


Nil 




Bacilli Inoculated 
B t>phosus 
B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B ti pliosus 
B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B typhosus 
B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B typhosus 
B paratvphosus A 
B paratyphosus B 


Bacilli Inoculated 
B typhosus 

B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated^ 
B tjphosus 


* B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B tjphosus 


B paratyphosus A 
B paratyphosus B 


Bacilli Inoculated 
B ta pliosus 
B paratyphosus A 
B paratyrhosus B 
The local and 
appreciably different 


Bacilli Inoculated 
B tjphosus 


B paratj phosus A 
B paratj phosus B 



Curve 

12 — Group 6, J 

G J 


Sixth 

Day 

Twenty First Day 


500 

million 

1,000 million 

Nil 

Nil 

250 

million 

SOO million 

Nil 

Nil 

250 

million 

500 million 

Nil 

Nil 


Curve 13 — Group 7, R 1 

r D R 


Third 

Day 

Thirteenth Day 

Thirty Sixth 

Day Forty Fifth Day 

Nil 


Nil 

500 million 

1,000 million 

250 

million 

500 million 

Nil 

Nil 

250 

million 

SOO million 

Nil 

Nil 


Curve 

14 — Group 7, H 

W T 


Third 

Day 

Thirteenth Day 

Thirty Eighth DayForty Eighth Day 

Nil 


Nil 

500 million 

1 000 million 

250 

million 

500 million 

Nil 

Nil 

250 

million 

SOO million 

Nil 

Nil 


Curve 

15 — Group 8, 

T P 


Third 

Day 

Thirteenth Day 

Thirty Sixth Day Forty Fifth Day 

500 

million 

1,000 million 

Nil 

Nil 

Nil 


Nil 

250 million 

500 million 

Nil 


Nil 

250 million 

500 million 


Curve 

16 — Group 8, E 

A W 


Third 

Day 

Thirteenth Day 

Thirty Eighth 

DayForty Eighth Day 

500 

million 

1 000 million 

Nil 

Nil 

Nil 


Nil 

250 million 

SOO million 

Nil 


Nil 

250 million 

500 million 


Curve 

17 — Group 9, W 

c c 





First Day 

Twenty First Day 

Nil 


Nil 

500 million 

1,000 million 

Nil 


Nil 

250 million 

SOO million 

Nil 


Nil 

250 million 

SOO million 


Curve 

18 — Group 9, F 

H M 

Twenty Second 




First Day 

Day 

Nil 


Nil 

500 million 

1,000 million 

Nil 


Nil 

250 million 

500 million 

Nil 


Nil 

250 million 

500 million 


Curve 

19 — Group 10, 

J W 



Previous Typhoid 
Immunization 

(1) 500 million 

(2) 1,000 million 
ml 

mi 


Ten Months Later 
500 million 

250 million 
250 million 


Nineteen Days Later 
1,000 million 

500 million 
500 million 


CURJE 20 — ( 
Previous Typhoid 
Immunization 

(1) 500 million 

(2) 1,000 million 

(3) 1 000 million 
ml 

ml 


p 10, E H N 
Thirty Two Months 
Later 

500 million 

250 million 
250 million 


Forty Days Later 
1,000 million 

500 million 
500 million 


Curve 21 — ( 

Previous Typhoid 
Immunization 

(1) 500 million 

(2) 1,000 million 

(3) 1 000 million 
ml 

mi 


p 10, E r H 

Twenty Tavo Months 
Later 

500 million 

250 million 
250 million 


Nine Days Later 
1 000 million 

500 million 
500 miiiion 


Prc 


Curve 22 — Group 11, A D G 
lous Typhoid Fourteen Months 

Immunization Later 


O) 1 000 million 

nl 

ml 


500 million 
500 million 
500 million 


Sixteen Days Later 
1,000 million 
1 000 million 
1,000 million 


general reaction to this increased dose in curves 22 and 23 avas not 
from those folloaainfj the more usual doses 


Curve 23 — C 
Preaious Tjphoid 
Immunization 

(1) 500 million 

(2) 1,000 million 

(3) 1,000 million 
ml 

mi 


p 11. W C D 
Taventj Fiae Months 
Later 

500 million 

500 million 
500 million 


Eighteen Days Later 
1,000 million 


1 000 million 
1 000 million 
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Day of 
Experiment 


1 

2 

4 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
36 
68 
69 
74 


TABLE 4 — Data from which Curve 1 Was Plotted 


Standard Agglutinin Units 


vveigiii; oi 
Rabbit, Gm 

B typhosus 

B paratyphoBus A 

B paratyphosus 

2,500 

0 

0 

0 

2,460 

0 

0 

0 

2,390 

0 

0 

0 




1,000 

million typhoid 

2,890 

Inoculation, 

1 cc TAB = ■ 

600 

million para A 




500 

million para B 

2,350 

0 

0 

0 

2,350 

0 

2 70 

0 

2,360 

26 59 

60 67 

6 87 

2,310 

44 32 

202 70 

27 77 

2,250 

88 63 

270 27 

37 03 

2,200 

159 57 

450 43 

69 44 

2,200 

159 57 

450 43 

69 44 

2,260 

18617 

337 83 

97 0 

2,240 

212 76 

337 83 

97 0 

2,200 

212 76 

337 83 

97 0 

2,270 

14170 

337 83 

640 




2,000 

million T 

2,270 

Inoculation, 

2 c c T A B = 

1,000 

million A 




1,000 

million B 

2,180 

14170 

270 27 

620 

2,200 

14170 

331 83 

48 0 

2,200 

354 59 

337 83 

62 0 

2,120 

70914 

606 75 

97 0 

2,200 

1,595 74 

675 68 

169 0 

2,270 

709 14 

675 68 

169 0 

2,190 

797 87 

675 68 

169 0 

2,340 

797 87 

675 68 

180 0 

2,190 

797 87 

676 68 

169 0 

2,200 

797 87 

675 68 

me 

2,150 

797 87 

663 06 

193 0 

2,300 

797 87 

506 76 

169 0 

2,200 

797 87 

450 43 

169 0 

2,260 

595 23 

35714 

159 0 

2,390 

595 23 

500 17 

145 0 

2,270 

595 23 

, 357 14 

152 0 

2,220 

5291 

357 14 

151 0 

2,250 

2591 

357 14 I 

159 0 

2,280 

5291 

314 28 ' 

161 1 

2,570 

134 0 

107 85 1 

36 6 

2,490 

134 0 

107 14 1 

U 64 

2,470 

129 0 

100 0 1 

BOO 
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TABLE 4 — Data from WHicp Curve 1 Was Plotted — (^Continued) 


Day of 
Experiment i 

1 

Weight of 1 

Babbit, Gm 

Standard Agglutinin Units 

B typhosus 1 

B paratyphosus A 

B paratyphosus B 

76 

2 450 

129 0 

100 0 

44 64 

83 1 

2,640 1 

128 0 

119 04 

5611 

90 ' 

2,670 1 

126 0 

152 0 

1 6611 

87 

2,800 

137 88 

88 0 

6611 

lOf 

2,800 

130 0 

82 8 

60 0 

111 


120 0 

82 8 

356 

118 

2,760 

104 0 

82 8 

36 6 

125 

2,810 

112 0 

122 0 

280 

132 j 

2,710 

120 0 

115 0 

280 

139 

2,830 

130 0 

122 0 

82 0 

146 


130 0 

1710 

22 4 

163 


130 0 

85 5 

12 8 

160 i 


130 0 

85 5 

280 

167 

i 1 

130 0 

1710 

■ 

280 


seen) On the next day (the third after the second inoculation, the fourteenth 
after the first) the new rise had commenced, for the titer was more than 
doubled and rapidly rose to a maximum on the fifth day (that is, the sixteenth 
day from the first inoculation) The next day reveals a fall of SO per cent 
The titer shows but little change from this point until the twenty-fourth day 
(from first inoculation), when it falls gradually until the thirty-second day 
(from first inoculation) When next examined after an interval of thirty- 
two days the agglutination titer had fallen 71 per cent since the last exam- 
ination (that is, the thirty-second day) Seventeen subsequent examinations 
covering a period of 139 days showed no further appreciable difference m 
agglutination titer, showing that it had reached a point that was practically 
equilibrium “ 

The pal atyphoid A agghitimns begin their rise on the second day (the first 
after inoculation), reaching the maximum of the first rise on the sixth day, 
after which there is a rapid fall (25 per cent ) The paratyphoid A curve 
shows no change until after the eleventh day At this point the second 
inocul^ion is given A negative phase (20 per cent ) occurs on the following 
day From this point the new curve quickly rises (ISO per cent ) reaching a 
rnaximum on the fifth day after the second inoculation (the sixteenth day 
after the first inoculation) No change in titer is seen from the fifth to 
eleventh day after the second inoculation A rapid fall (50 per cent ) occurs 
from the eleventh to seventeenth day From the seventeenth to twenty-first 
day (after the second inoculation) there is little change When next examined 
after an interval of thirty-two days, it has fallen 66 per cent As in the 
typlmid curve, the paratyphoid A has now reached its point of equilibrium 

The paratyphoid B agglutinins commence their rise on the third day, reach- 
ing a maximum on the sixth This is followed by a rapid fall (33 per cent ) 
unti 1 1 C second inoculation on the eleventh day The curve either continues 

28 By the term equilibrium I refer to that condition in which the ratio 
between production and excretion of agglutinins is practically unity 
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falling or a negative phase (20 per cent ) is exhibited for the next two days 
The new rise commenced on the third day (the fourteenth from first inocu- 
lation) and reaches a maximum on the tenth day The curve then behaves in 
a manner similar to that of the typhoid and paratyphoid A curves” 

Rabbit 2 — (Group 1, Curve 2) The typhoid agglutinins commence their 
rise on the third day after inoculation, reaching the maximum on the seventh 
A rapid fall (SO per cent ) follows for the next four days, after which the 
curve shows no change for three days, finally falling 33 per cent on the 


TABLE 5 — Data from which Curve 2 Was Plotted 


Day of 
Experiment 

Weight of 
Babbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

1 


0 

0 


0 

2 


0 

0 


0 

S 

2,050 

0 

0 


0 





’1,000 

million typhoid 

8 

2 050 

Inoculation, 

1 c c T A B = 

500 

miliion A 





600 

miliion B 

4 

1,940 

0 

0 


0 

G 


0 

0 


0 

6 

2,050 

425 

13 51 


0 

7 

1,970 

6318 

100 00 


0 

8 

2,050 

265 95 

675 68 


16 9 

9 

1,970 

443 25 

945 94 


48 0 

10 

1,920 

63190 

1,013 61 


72 2 

11 

2,060 

443 25 

900 89 


64 0 

12 

1,920 

898 93 

900 89 


640 

13 

1,940 

865 69 

606 75 


48 0 

14 


272 81 

27142 


86 0 

15 


27281 

260 0 


36 0 

16 

1,980 

272 81 

260 0 


212 

17 

1,920 

272 81 

265 25 


212 

18 

1,990 

198 41 

27142 


19 3 





2,000 

million T 

18 

1,990 

Inoculation, 

2 cc TAB = ■ 

1,000 

million A 





1,000 

million B 

19 

1,895 

306 63 

260 0 


19 3 

20 

1,890 

277 71 

35714 


17 4 

21 

1,960 

6291 

35714 


19 3 

22 

1,950 

595 23 

1,071 42 


32 0 

23 

1900 

66137 

1,857 42 


32 0 

24 

1,910 

694 44 

1,857 42 

1 

32 0 

25 

1,980 

661 37 

1,428 67 


24 0 

26 


66137 

1,285 71 


20 6 


29 For the sake of brevity typhoid and B typhosus will often be expressed 
as T, paratyphoid A and B pm atyphosus A as A, and paratyphoid B and B 
patafyphosus P as B 
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fifteenth day At this point the second inoculation was given The curve 
starts its new rise the following day (no negative phase being seen), and 
reaches its maximum in six days (twenty-first from first inoculation), after 
which it falls for the next two days No further examination was made 

The paiatyphoid A agglutinins commence their rise on the third day, reach- 
ing the maximum on the seventh A rapid fall then follows for four dajs 
The curve then shows no change for four The second inoculation was given 
at this point (fifteenth day) A negative phase occurs on the following day 
On the second day from this inoculation the curve quickly arises to a maximum 
(800 per cent ) on the fifth day (twentieth from first inoculation) The curve 
shows no change when examined on the next day A rapid fall follows for 
the next two days No further examinations were made 

The paratyphoid B curve commences on the fourth day after inoculation, 
reaching its maximum on the seventh day The titer gradually falls for the 
next eight days The second inoculation is given on the fifteenth day The 
B titer shows no change on the next day A small negative phase appears on 
the second day The titer then rises to its maximum on the fourth day (nine- 
teenth day from the first inoculation), shows no change for three days, and then 
rapidly falls for two days No further examination was made 

Rabbit 3 — (Group 2, Curve 3) The T agglutinins are unaffected by the 
two doses oi A B vaccine injected and the T titer did not rise above the base 
line On the fourth day after the first T inoculation (fifty-ninth day after 
the second A B inoculation , seventieth day after the first A B inoculation) 
the T titer rose, reaching a maximum on the sixth day It then fell for the next 

five days At this point the second T inoculation was given The titer 

showed no change the following day A negative phase was seen on the second 

da^' The curve began its new rise on the third day, reaching the maximum 

on the sixth day The titer then falls for the next twelve days after which 
it appears to have reached its point of equilibrium 

The paiatyphoid A curve commences its rise on the second day after inocu- 
lation, reaching its maximum on the eighth day On the ninth day the titer 
falls rapidly (33 per cent ) and then shows no change until the eleventh day 
At this point the second inoculation was given The titer showed no change 
the following day A negative phase (50 per cent ) appeared on the second 
day On the third day the titer rises, reaching its maximum (700 per cent ) 
on the fifth day (from the second inoculation) The titer then falls rapidly 
(50 per cent ) and shows no change for ten days, and then falls gradually 
until the thirty-second day from the first inoculation When examined after 
an interval of thirty-two days the titer has fallen 85 per cent The first T 
inoculation is given two days later A slight negative phase appears on the 
day following A slight rapid rise then ensues on the second day From this 
point the titer shows no change until the fifth day, when a fall commences, 
which continues until eighth day On the eighth day the A titer rises This 
corresponds with the maximum of the first rise in the T curve On the tenth 
day the second T inoculation is given This appears to have no appreciable 
effect on the A curve On the eighth day after the second T inoculation 
there is a fall in titer (40 per cent ) after which the curve appears to have 
reached its equilibrium 

The paratyphoid B curve rises on the third day after inoculation, reaching 
its maximum on the eighth day It then falls (10 per cent) and shows no 
change until eleventh day At this point the second inoculation is given A 
negative phase (45 per cent ) is seen for the following two days The second 
rise commences on the third day after the second inoculation, reaching its 
maximum on the fourth where it appears to remain for the next three dajs, 
after which it gradually falls (66 per cent ) until the twenty-first day (alter 
the second A B inoculation) An interesting fact in the B Curves of both 
2 and 3 is that the rise after the second A B inoculation is appreciably less 
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TABLE 6 — Data from which Curve 3 Was Plotted 


Day of 
Experiment 

Weight of 
Eahbit, Gm 

Stauuard Agglutinin Units 

B typhosus 1 

1 

B paratyphosus A 

B paratyphosus B 

1 

2,670 

0 

0 

0 

2 

2,600 

0 

0 

0 

4 

2,640 

0 

0 

0 

4 

2,640 

Inoculation, 

Ice A B = 500 millio 
+ 600 millio 

n para A 
n para B 

5 

2,420 

0 

0 

0 

6 

2,440 

0 

2 25 

0 

7 

2,450 

0 

45 04 

3 08 

8 

2,420 

0 

508 47 

26 45 

9 

2,424 1 

0 

540 54 

46 29 

10 

2,370 

0 

540 54 

7715 

11 

2,850 

0 

675 68 

18518 

12 

2,330 

0 

945 94 

370 37 

13 

2,430 

0 

675 68 

343 95 

14 

2,350 

0 

676 68 

1800 

15 

2,260 

0 

676 68 

180 0 

16 

2,250 

Inoculation, 

Icc AB=l,OOOmi]li 
+ 1,000 mill! 
675 68 

on para A 
on para B 

16 

2,210 

0 

96 0 

17 

2,350 

0 

33783 

960 

18 

2,350 

0 

675 68 

187 8 

19 

2,200 

0 

1,013 61 

169 0 

20 

2,400 

0 

2,027 02 

169 0 

21 

2,320 

0 

1,013 51 

1 

1600 

22 

2,360 

0 

1,126 12 

169 0 

23 

1 2,410 

0 

1,126 12 

160 0 

24 

2,330 

0 

1,126 12 

160 0 

25 

2,320 

0 

945 94 

137 0 

26 

1 2,310 

0 

945 94 

137 0 

27 

' 2,300 

0 

945 94 

96 0 

28 

, 2,270 

0 

1,122 41 

960 

29 

1 2,380 

0 

1,020 37 

75 0 

SO 

j 2,470 

0 

952 38 

67 5 

31 

2,310 

0 

952 38 

600 

32 

1 2,300 

1 

714 28 

55 0 

83 

2}S50 

1 

714 28 

48 0 

81} 

2,320 

1 0 

714 28 

48 0 

68 

2,710 

i "" 

95 0 

32 0 

69 

2,720 

0 

95 23 

32 64 

70 

2,540 

1 0 

1 

100 0 

32 64 
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TABLE 6— Data from which Curve 3 Was PLonw—iConiinued) 


Day of 
Experiment 

Weight of 
Babbit, 6m 

Standard Agglutinin Units 

B typhosus 

B para typhosus A 

B para typhosus B 

70 

2,640 

Inoculation, 

1 0 c c. = 1,000 million 

T 

71 

2,570 

0 

95 25 

32 04 

72 

2,560 

0 

100 0 

3571 

73 

2,430 

0 

100 0 

35 71 

7i 

2,600 

315 

100 0 

44 64 

75 

2,500 

120 0 - 246 0 

9911 

44 64 

76 

2,510 

1260 

95 23 

85 71 

77 

2,600 

79 0 

95 23 

35 71 

78 

2,560 

79 0 

112 24 

53 57 

79 

2,420 

67 0 

112 24 

6011 

60 

2,460 

322 

10714 

85 71 

60 1 

2,460 

Inoculation, 

2 c c T = 2,000 mlUio 

n T 

81 

2,S00 

32 2 

100 0 

35 71 

62 

2,490 j 

200 

1000 

500 

83 1 

2,480 i 

69 5 

lOOO 

500 

84 

2,600 

670 0 i 

1000 

600 

So 

2,620 

720 0 ' 

100 0 

600 

66 

2,420 

1,000 0 

88 59 

600 

87 

2,335 

630 0 

99 11 

35 71 

SS 

2,410 

600 0 

62 60 

44 64 

69 

2,600 

661 0 

7142 

3214 

90 

2,360 

5610 

71 42 

82 64 

91 

2,660 

6900-322 0 

59 52 

30 85 

92 

2,610 

290 0 

64 28 

30 35 

93 

2,500 

260 0 

64 28 

30 35 

94 

2,220 

255 0 

6611 

30 35 

96 

2,500 

280 0 

64 28 

30 36 

98 

2,630 

137 98 

64 0 

30 35 

200 

2,600 

137 98 

640 

30 35 

102 

2,900 

137 08 

690 

30 35 

104 

2,730 

137 98 

69 0 

80 85 

106 

2,720 

137 98 

82 7 

30 85 

108 

2,720 

137 08 

616 

3035 

112 

2,760 

137 98 

59 0 

30 35 

116 

2,740 

137 08 

42 0 

30 35 

120 

2,980 

130 0 

42 0 

80 35 

125 

2,880 

1300 

615 

26 5 


t 
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Day of 
Experiment 

Weight of 
Babbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

132 

2,989 

59 6 

45 6 

13 0 

139 

2,990 

69 6 

45 6 

20 5 

146 


54 0 

28 6 1 

95 

153 


130 0 

47 6 

20 5 

160 


138 0 

47 5 

23 6 

167 

1 

130 0 

47 5 

13 0 


than the rise after the first inoculation, and unless one can suppose that a 
rapid rise and fall have occurred within twenty-four hours so that daily read- 
ings would not record it, it would appear that this forms an exception to the 
more general rule that the rise of agglutinins following the second inoculation 
IS greater than that following the first 

When next examined after an interval of thirty-two days the B titer has 
fallen 30 per cent The T inoculation is given on the sixty-sixth day (after 
the first inoculation) No appreciable negative phase occurs The rise of the 
B titer commences on the second day, reaching a maximum on the ninth, fall- 
ing again on the tenth At this point the second T inoculation is given No 
negative phase occurs A rise to a maximum is noticed on the second day 
The curve then shows no further change until the fifth day, when it falls again, 
resuming its equilibrium on the ninth day (from the second typhoid inocu- 
lation, eighty-fifth day from first inoculation) The subsequent fall is very 
gradual 

Rabbit 4 — (Group 2, Curve 4) The typhoid agglutinins were unaffected bv 
the two doses of mixed A and B vaccine injected and the typhoid titer did 
not rise above the base line On the third day after the first T inoculation 
(sixty-nmth day after the first A B inoculation, fifty-eighth day after the 
last A B inoculation), the T titer commenced to rise rapidly, reaching its 
maximum on the sixth day A rapid fall then follows until the tenth day 
At this point the second typhoid inoculation was given The curve shows no 
change for the first day, but a negative phase appears on the second day On 
the third day the rapid rise then commences, reaching its maximum (900 per 
cent ) on the fifth day A rapid fall (30 per cent ) followed by a more gradual 
one then ensues and by the eleventh day after the last T inoculation (eigiitj'- 
seventh from the first A B inoculation) the T titer had reached its point of 
equilibrium 

The paratyphoid A agglutinins commence their rise on the third day after 
inoculation, reaching their maximum on the fifth day The titer shows no 
change for three days A rapid fall (80 per cent ) then follows, until the 
eleventh day At this point the second inoculation is given No negative 
phase IS seen and the titer rises on the first day, reaching its maximum (700 
per cent ) on the fourth day (the fifteenth day after the first inoculation) The 
titer then falls rapidly (45 per cent ) for the next four days and then shows 
no change for another four days, after which the fall is again rapid (25 per 
cent) until the twenty-first day after the second inoculation (thirty-second 

after the first) , i ^ 

When next examined after an interval of thirty-two days, the titer Ji^ 
dropped another 54 per cent and is practically in equilibrium The first I 
inoculation two days later (that is, fifty-five days after second A B inoculation 
and sixty-sixth day after first A B inoculation), causes the titer to rise on 



<RIL. 1918 MIXED TRIPLE VACCINE 45 y 

the following day (no negative phase being seen), and a maximum is reached 
on the second day The titer regains its point of equilibrium on the tenth day 
At this point the second typhoid inoculation is given The titer then rises 
on the second day (no negative phase appearing), and a maximum is reached 
on the third day The succeeding fall is rapid and equilibrium is reached on the 
sixth day (eighty-second day after first A B inoculation) The subsequent 
fall in titer was but slight 
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Curve 4 


The paratyphoid B agglutinins commence their rise on the third day after 
the first inoculation, reaching their maximum on the sixth day The titer 
shows very little change until the tenth day and falls slightly on the eleventh 
At this point the second inoculation is given The titer rises on the following 
day (no negative phase being seen) The maximum (300 per cent ) is reached 
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TABLE 7 — ^Data from which Curve 4 Was Plotted 


Day of 
Experiment 

Weight of 
Babbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

1 


0 

0 

0 

2 

, 

1420 

0 

0 

0 

4 

1460 

0 

0 

0 

4 

1,480 

Inoculation, 

lee A B = j500 millio 
1500 millio 

n para A 
n para B 

5 

1,520 

0 

0 

0 

C 

1,530 

0 

0 

0 

7 

1,540 

0 

67 66 

3 08 

8 

1,560 

0 

135 13 

7 40 

1 

9 1 

1,557 

0 

675 67 

18 61 

10 

1,510 

0 

676 68 

37 03 

11 

1,490 

0 

675 68 

37 03 

12 

1,580 

0 

472 07 

18 0 

13 

1,510 

0 

506 75 

18 0 

14 

1,450 

0 

472 97 

18 0 

15 

1,510 


13513 

13 0 

16 

1,510 

Inoculation, 

2 c c A B = (1,000 mill 
ll,000 mill 

ion para A 
ion para B 

16 

1 550 

0 

236 48 

14 0 

17 

1,550 

0 

837 83 

64 0 

18 

1,560 

0 

675 68 

145 0 

19 

1,500 

0 

945 94 

1800 

1 

20 

1,540 

0 

675 68 

170 0 

21 

1,560 

0 

675 68 

800 

22 

1,530 

0 

500 75 

72 0 

23 

1,560 

0 

472 97 

72 0 

24 

1,520 

0 

563 06 

69 0 

25 

1,550 

0 

506 75 

62 0 

26 

1,580 

0 

606 75 

64 0 

27 

1,590 

0 

506 75 

62 0 

28 

1,560 

0 

472 97 

48 0 

29 

1,700 

0 

428 57 

480 

30 

1,720 

0 

428 67 

48 0 

31 

1,640 

0 

285 71 

36 0 

82 

1,620 

0 

250 0 

880 

33 

1,610 

0 

271 42 

380 

36 

1,590 

0 

228 57 

380 

68 

1,510 

0 

95 23 

714 
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TABLE 7 — Dat\ from which Curve 4 Was Plotted — (^Continued) 


Day of 
Experiment 

Weight of 
Rabbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

69 

1,580 

0 

95 23 

714 

70 

1,600 

0 

71 42 

714 

70 

1,600 

Inoculation, 

1 c c T = 1,000 million 

typhoid 

71 

1,510 

0 

95 23 

714 

72 

1,520 

0 

95 23 

714 

73 

1,510 

100 0 

7142 

714 

74 

1,560 

138 0 

69 62 

714 

75 

1,590 

352 0 

64 28 

2 85 - 7 14 

76 

1,569 

500 0 

5714 

6 71 

77 

1,620 

352 0 

85 71 

6 28 

78 

1,610 

340 0 

71 42 

0 28 

79 

1,570 

255 0 

85 71 

628 

so 

1,640 

133 0 

69 62 

617 

so 

1,640 

Inoculation, 

2cc T = 2,000 million 

T 

81 

1,530 

183 0 

59 62 

2 85 

82 

1,450 

1260 

69 62 - 107 14 

6 30 

83 

1,440 

320 0 

69 62 - 142 84 

196 42 

6 30 

64 

1,470 

5610 

69 62 - 96 93 

6 30 

85 

1,420 

1,340 0 

119 04 

10 71 

86 

1,410 

590 0 - 340 0 

64 28 

5 71 

87 

1,490 

590 0 - 340 0 

64 28 

2 67 

88 

1,480 

690 0 - 667 0 

53 57 

285 

89 

1,500 

297 0-516 0 

64 28 

2 57 

90 

1,460 

297 0 

64 28 

2 37 

91 

1,620 

160 0 

71 42 

4 67 

92 

1,560 

160 0 

64 28 

4 57 

93 

1,540 

160 0 

64 28 

6 71 

94 

1,590 

140 0 

63 67 

6 42 

96 

1,580 

140 0 

4714 

60 

98 

1,610 

137 98 

46 5 

60 

100 

1,680 

137 98 

46 5 

6 71 

102 

1,870 

137 95 

49 0 

4 27 

104 

1,770 

137 98 

44 2 

40 

106 

1,780 

137 98 

44 2 

40 

108 

1,740 

129 0 

44 2 

3 96 

112 

1,780 

126 7* 

85 6 

437 
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TABLE 7— Data from which Curve 4 Was Plotted— (Co«finited) 


Day of 
Experiment 

i 

Weight of 
Babbit, Gm 

standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

116 

1,840 

126 7 

35 6 

4 37 

120 

1,940 

103 9 

42 6 

6 71 

125 

2,030 

87 6 

61 6 

23 

1S2 

2,060 

60 0 1 

45 0 

128 

139 

2,160 i 

69 4 

40 0 

192 

146 


650 

500 

2 55 

153 


65 0 

600 

192 

160 


52 0 

47 6 

192 

167 

! 

43 0 

43 0 

102 


on the fourth day A rapid fall (56 per cent ) follows until the seventh day 
From this point until the sixteenth day the fall is more gradual (25 per cent ) 
There is hut slight change in titer from the sixteenth to nineteenth day after 
the second inoculation (twenty-seventh to thirtieth day after the first inocu- 
lation) When examined again after an interval of thirty-two days (sixty- 
fourth day after the first A B inoculation) the titer dropped another 80 per 
cent and had reached a point of equilibrium The first T inoculation two 
da>s later (fifty-fifth day after the last A B inoculation, sixty-sixth day after 
the first A B inoculation) had no appreciable effect on the B titer The second 
T inoculation was given ten days later A negative phase occurred on the fol- 
lowing day and the titer rose on the second day, reaching a maximum on the 
fifth day, falling again to its point of equilibrium on the seventh day 

Rxbbit 5 — (Group 3, Curve 5) The typhoid agglutinins commenced their 
rise on the third day after inoculation, attaining their maximum on the eleventh 
day At this point the second T inoculation was given The titer showed no 
change for the next three days (no negatne phase being seen) On the fourth 
da\ after the last inoculation (the fifteenth after the first) the titer rose 
rapidly, reaching its maximum (100 per cent ) the same day The curve shows 
no change for the next two days and then rapidly falls (25 per cent ) on 
the seventh and eighth days The titer shows no change for the next four 
days and then gradually falls another 25 per cent until the sixteenth day 
(twenty-seventh from the first inoculation) The titer from the sixteenth to 
twenty-first day shows no change When next examined after an interval of 
thirty-two days a further fall (37 per cent ) has taken place and the curve 
has evidently reached its point of equilibrium The first inoculation of A B 
vaccine two days later (that is, fifty-fifth day from the last T inoculation and 
sixty-sixth from the first) has no effect on the T titer, but the second A B 
inoculation ten days later causes the titer to rise on the fifth day (no negative 
phase being seen) The maximum is reached on the eighth day On the 
eleventh day (eighty-eighth day after the first T inoculation) the curve has 
resumed its point of equilibrium and the subsequent fall is but gradual 

The paiatyphoid A agglutinins show a slight rise on the fifth day after 
the first T inoculation which reaches its maximum on the eleventh day At 
this point the second T inoculation is given The only effect produced on the 
A titer IS that it does not show the natural fall, no change from the maximum 
produced by the first inoculation being noted until the nineteenth day after 
the last inoculation (that is thirtieth day after the first inoculation) When 
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TABLE 8 — Data from which Curve 5 Was Plotted 


Day of 
Experiment 

Weight of 
Rabbit, Gm 

Standard Agglutinin Units 

B tspbosiis 

B paratyphosus A 

B pnratjphosus B 

1 

2,170 

0 

0 

0 

2 

2,170 

0 

0 

0 

4 

2,060 

0 

0 

0 

4 

2,000 

Inoculation, 

1 c c T = 1,000 million 

typhoid 

6 

2,000 

0 

0 

0 

6 

2,060 

159 

0 

0 

7 

2,140 

2127 

0 

0 

8 

2,140 

197 53 

0 

0 

9 

2,120 

354 59 

0 

118 

10 

2,060 

443 25 

0 

0 78 

11 

2,060 

417 87 

0 

0 

12 

2,080 

810 14 

0 

0 

13 

2,140 

443 26 

101 

0 

14 

2,070 

478 72 

101 

0 

15 

2,230 

531 91 

27 

0 78 

15 

2,230 

Inoeulation, 

2 c 0 T = 2,000 million 

typhoid 

16 

2,050 

531 91 

27 

162 

17 

2,030 

63101 

27 

0 96 

18 

2,040 

63191 

0 

0 96 

19 

1,950 

1,003 82 

0 

0 96 

20 

2,050 

930 85 

0 

0 96 

21 

2,110 

1,063 82 

0 

170 

22 

2,170 

886 38 

0 

066 

23 

2,180 

797 87 

0 

192 

24 

2,100 

797 87 

0 

156 

25 

2,140 

797 87 

0 

152 

26 

2,060 

769 85 

0 

1 48 

27 

2,070 

769 85 

0 

148 

28 

2,200 

66137 

0 

148 

29 

2,100 

661 37 

0 

0 9o 

30 

2,220 

566 89 

0 

0 

31 

2,130 

6291 

0 

0 

32 

2,090 

396 82 

0 

0 

33 

2,030 

5291 

0 

0 

86 

2,070 

6291 

0 

0 

68 

2,080 

256 0 

0 

0 

69 

2 020 

256 0 

0 

0 

70 

2,000 

256 0 

0 

0 
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TABLE 8 — Data from which Curve 5 Was Plotted — {Continued) 


Day of 
Experiment 

Weight of 
Rabhit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

70 

2,000 

Inoculation, 

1 c c A B = 600 millio 

n A 




+ 500 millio 

n B 

71 

2,170 

256 0 

0 

0 

72 

2,170 

256 0 

714 

0 

73 

2,080 

256 0 

61214 

6121 

74 

2,140 

256 0 

2,500 0 

128 67 

75 

2,120 

258 0 

2,652 0 

142 85 

76 

2,060 

256 0 

2,500 0 

128 67 

77 

2,160 

256 0 

2,346 57 

236 68 

78 

2,150 

220 0 

1,071 2 

128 57 

79 

2,220 

256 0 

1,071 42 

142 85 

80 

2,220 

256 0 

1,160 71 663 26 

10714 

so 

2,220 

Inoculation, 

2 c C A B = 1,000 milli 

on A 




+ 1,000 mill) 

on B 

81 

2,270 

256 0 

069 3S - 561 14 

10714 

82 

2,270 

256 0 

595 23 

i 107 14 

S3 

2,280 

256 0 

714 28 

142 85 

Si 

2,210 

256 0 

2,040 57 

714 28 

85 

2,300 

280 0 

; 2,625 29 

1,190 4 

86 

2,320 

305 0 

2,500 0 i 

1,000 0 

87 

2,280 

260 0 

1 3,142 85 

1 

1,000 0 

68 

2,320 

320 0 ^ 

2,500 0 

714 28 

89 1 

2,220 

305 0 

2,500 0 

595 23 

00 

2,210 

280 0 

2,500 0 

595 23 

91 

2,410 

258 0 

2,142 85 

600 0 

92 

2,280 

256 0 

2,142 85 

635 71 

93 

2,240 

256 0 

2,142 85 

500 0 

94 

2,620 

256 0 

1,285 71 

500 0 

96 

2,280 

256 0 

2,142 85 

446 42 

98 

2,410 

243 5 

982 0 

303 57 

100 

2,350 

243 5 

982 0 

303 67 

102 

2,450 

433 0 

3,090 0 

3260 

104 

2,380 

2710 

885 0 

3260 

306 

2,370 

282 0 

885 0 

326 0 

108 

2,350 

2710 

885 0 

826 0 

112 

2 330 

243 6 

825 0 

326 0 

116 

2,880 

162 0 

590 0 

285 0 

120 

2,600 

148 0 

530 0 

2280 

125 

2,620 

1480 

522 0 

228 0 

132 

2,510 

1210 

285 0 

648 
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The A and B agglutinins were unaffected by the injections of T vaccine 
and their titer did not rise above the base line here 
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TABLE 8 — Data fbom which Curve 5 Was Plottzi)— (C ontinued) 


Day ol 
Experiment 

Weight of 
Babbit, Gm 

Standard Agglutinin Units 

_ 

B typhosus 

B paratypbosus A 

i B paratyphosus B 

189 

2,6S0 

243 0 

630 0 

236 0 

146 


148 6 

450 0 

640 

163 


188 0 1 

430 0 

64 0 

160 


114 0 

1 

400 0 

640 

167 

• 1 

104 0 

400 0 

59 2 


next examined after an interval of thirty-two days the titer has regained the 
base line' of normal agglutination The first A B inoculation is given two days 
later, that is, on the fifty-third day after the last T inoculation (sixty-sixth 
day after first T inoculation) The A curve commences its rise on the second 
day, reaching its maximum on the fifth day The titer then shows no change 
for the next two days A rapid fall (72 per cent) ensues from the third to 
tenth day At this point the second A B inoculation is given A negative phase 
(6 per cent ) is seen for the next two days and the rise of titer commences on 
the third day, reaching its maximum (475 per cent ) on the seventh day after 
the last inoculation The titer then falls 16 per cent on the next day and 
then shows no change for the next three days By the eleventh day a rapid 
fall (31 per cent ) occurs From this point the curve is evidently in equilibrium, 
as the fall is but gradual 

The paratyphoid B agglutinins commence their small rise four days after 
the first T inoculation, reaching their maximum on the next day (fifth) A 
small fall (33 per cent ) occurs on the sixth day From this point until the 
eleventh day the titer appears to remain a small distance above the base line 
of normal agglutination The second inoculation is given on the eleventh day 
and the titer commences to rise on the following day (no negative phase being 
seen), and reaches its maximum (150 per cent) on the eighth day The titer 
then falls gradually until the fourteenth day (from second T inoculation, 
twenty-fifth day from the first inoculation) From this point until the twenty- 
seventh day (after the last inoculation) and after an interval of thirty-two 
days the titer had not risen above the base line of normal agglutination The 
first A B inoculation is given two davs later (that is, fifty-fifth day after the 
last T inoculation and sixty-sixth day after the first) The B agglutinins com- 
mence their rise on the third day following, reaching the maximum on the 
fourth day A sharp fall (40 per cent ) is shown the next day, after which 
a more gradual fall (a further 14 per cent ) takes place until the tenth day 
At this point the second A B inoculation is given The titer rises on the third 
day, reaching a maximum (1,000 per cent ) on the fifth day A rapid fall 
(60 per cent ) follows from the fifth to eleventh day From this point the 
curve shows no change for four days, and then falls until the sixteenth day 
From this point until the eighty-seventh day (after the last inoculation) the 
fall IS but gradual 

Rabbit 6— (Group 3, Curve 6) The typhoid agglutinins commenced their 
rise ori the third day after the first inoculation, reaching the maximum on the 
ninth day The titer fell (20 per cent ) on the tenth day and shows no change 
on the eleventh day The second inoculation was given at this point A 
negative phase occurred on the next day 

The death of Rabbit 6 from a broken neck, due to fighting with another 
rabbit m the same cage, brought an end to the experiment at this point 

The A and B agglutinins were unaffected by the injections of T vaccine 
and their titer did not rise above the base line heie 
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TABLE 9 — Data from which Curve 6 Was Plotted 


Day of 
Experiment 

Weight of 
Rabbit, Gin 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

1 

1 

1,280 

0 

0 

0 

2 

1,240 

0 

0 

0 

4 

1,260 

0 

0 

0 

4 

1,250 

Inoculation, 

1 c c T = 1,000 miUion 

typhoid 

5 

1,250 

' 0 

0 

0 

6 

1,300 

0 

0 

0 

7 

1,350 

141 

0 

« 

0 

8 

1,410 

319 

° 1 

0 

9 

1,440 

886 

• 1 

0 

10 

1,360 

26 69 

0 1 

0 

11 

1,350 

7091 

0 

0 

12 

1,680 

159 59 


0 

13 

1,350 

212 76 

0 1 

0 

14 

1,260 

159 67 

0 

It 

15 

1,400 

170 21 

0 

0 

15 

1,400 

Inoculation, 

2 c c T = 2,000 milhOD 

typhoid 

16 

1,310 

169 57 

0 

0 



Rabbit 7 — (Group 7, Curve 7) The typhoid agglutinins commenced their 
rise on the third day after the first triple inoculation The titer then rose 
rapidly until the ninth day, when the second inoculation was given The curve 
continues its rapid rise to an apex on the twelfth day after the first triple 
inoculations (third day after the second triple inoculation) No negative phase, 
nor any break in the continuity of the curve (that is, no fall or plateau) was 
seen, until the fourth day (after the second inoculation) when a fall of H 
per cent was noted 
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TABLE 10 — Data from which Curve 7 Was Plotted 


! 

Day ol 
Experiment 

Weight ol 
Rabbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

1 

1,360 

0 

0 

0 

2 

1290 

0 

0 

0 





fl.OOO 

million T 

2 

1,290 

Inoculation, 

1 c c T A B = ■ 

1 500 

million A 

1 

] 


1 

1 500 

million B 

3 

1,270 ' 

0 

0 

lO 

4 

1,320 

0 

22 

0 

5 

1,330 

14 4 ! 

35 71 

5 7 

6 

1 1,320 

64 5 

119 04 

21 42 

7 

1,300 

240 0 

1 357 14 

1 

7142 

8 

1.420 

840 0 

1 595 23 

85 71 

9 

1,410 

340 0 

561 14 

71 42 

10 

1,400 

562 0 

i 4917 

98 21 

U 

1,400 

620 0 

i 357 14 

112 24 





[2,000 

million T 

11 

1,400 

Inoculation, 

1 2 c c T A B = j 

2,000 

million A 





1,000 

million B 

12 

1,330 

805 0 

564 28 

119 04 

13 

1,440 

1,260 0 

948 85 

236 68 

14 

1.390 

1,405 0 

1,160 71 

236 68 

15 

1,370 

1,260 0 

2,500 0 

35714 

16 

i 1,420 

1,305 0 

2,052 57 

595 23 

17 

1,890 

1,470 0 

4,910 71 

64 > 85 

18 

1,350 

2,982 0 ! 

5,611 42 

027 14 

19 

1,410 

2,982 0 

0,611 42 

969 3 - 627 14 

20 

X 1.470 

2,982 0 

23,463 71 

642 85 

21 

1,360 

3,072 63 

14,285 71 

1,142 85 - 1,285 71 

22 

1,460 

3,672 0 

12 500 0 

2,500 0 

23 

1,430 

3,672 0 

30,357 14 

1,309 51 

24 

1,410 

7,031 25 

211,428 57 





71,428 57 


1 



214,285 71 


25 ! 

1,450 

5,625 0 

13,264 57 

2,597 40 

27 

1,470 

1 2,711 04 

10,949 0 

2,366 85 

29 

1,530 

2,705 58 

10,318 0 

2,366 85 

31 

1,510 

2,029 22 

23.584 0 

2,232 14 

83 

1,650 

1,483 89 

10,318 0 

1,326 45 

d5 ! 

! 

1,560 

1,623 37 

20,636 0 

2,232 14 

37 

1,570 

1,379 87 

11,792 0 

2,232 14 

39 

1,590 

1,379 87 

11,792 0 

2,232 14 

43 

1,630 

1,205 71 

15,896 0 

2,105 26 

47 

1,730 

1,066 62 

4,913 0 

714 28 

51 

1,830 

892 0 

4,632 0 

1,122 0 
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TABLE 10 — ^Data from which Curve 7 Was Plotted— (C oHfwued) 


1 

Day of 
Experiment 

Weight of 
Babbit, Gm 

1 

' Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

66 

1,890 

1 

603 0 

4,850 0 

850 0 

68 

1,910 

678 0 

4,760 0 

6200 

?0 

1,900 

6410 

4,190 0 

466 0 

77 


620 0 

4,500 0 

477 0 

84 


4050 

3,900 0 

2800 

91 

1 

620 0 

4,600 0 

2910 

98 


405 0 

3,440 0 

2800 


On the fifth day (after the second inoculation) the titer resumes its rise, 
reaching a maximum on the thirteenth day The titer then falls rapidly (70 
per cent ) from this point until the forty-fourth day The T titer is then evi- 
dently in equilibrium for the fall from this point is but gradual 

The apex and subsequent fall of the curve noted, respectively, on the twelfth 
a^nd thirteenth days after the first inoculation (third and fourth days after 
the second) might well represent the maximum of the rise due to the first 
inoculation and the negative phase following the second inoculation, even though 
this apex occurs after the second inoculation For, as I shall point out later 
in the men’s curves, if the second inoculation is given before the maximum 
of the rise due to the first inoculation is attained, a continuation of this rise 
to an apex and a subsequent fall may occur after the second inoculation, which 
suggests the maximum of the rise due to the first inoculation and the negative 
phase following the second inoculation After this fall the titer resumes its 
rise, and the maximum due to the second inoculation is attained later As the 
inoculations were given at a shorter interval (that is, nine days) m this experi- 
ment than in the others in the rabbits, it may explain this rise and fall which 
precedes the maximum of the second inoculation 

The paratyphoid A agglutinins commenced their rise on the second day 
after the first inoculation, reaching their maximum on the sixth day A rapid 
fall (40 per cent ) then takes place until the ninth day At this point the 
second inoculation takes place and the titer rises rapidly on the next day (no 
negative phase being seen) 

The maximum of this second rise occurs on the ninth day (650 per cent ) 
or the twelfth day (750 per cent ) after the second inoculation 

The titer then falls until the thirty-sixth day (after the- second inoculation) 
From this point the fall is but gradual and the curve appears to be m equilibrium 
The paratyphoid B agglutinins commence their rise in the third day The 
titer then rises until the ninth day At this point the second inoculation is 
given and the titer continues its rise (no negative phase being seen) and the 
maximum is reached on the thirteenth after the second inoculation A rapid 
fall of titer (25 per cent ) then takes place on the fourteenth to twenty-first 
day after the second inoculation From this point the titer shows no change 
for the next eight days and then another rapid fall (another 50 per cent ) 
occurs until the thirty-sixth day At this point the curve appears to have reached 
its point of equilibrium for the subsequent fall is but gradual 

Rabbit 8 — (Group 4, Curve 8) As the first inoculation produced abso- 
lutely no rise in agglutinative titer, the curves can best be interpreted by assum- 
ing that the first dose instead of being injected into the peritoneal cavity was, 
as is known to happen occasionally, injected directly into the bowel and the 
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TABLE 11 — Data from which Curve 8 Was Plotted 


Hay of 
Experiment 

Weight of 
Rabbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratjphosus A 

B paratyphosus B 

1 

1,290 

0 

0 

0 

2 

1,210 

0 

0 

0 


1 


fl,000 

million T 

2 

1,210 

Inoculation, 

ice TAB = '! 500 

million A 




1 500 

million B 

3 

1,280 

0 

0 

0 

4 

1,260 

0 

0 

0 

5 

1,240 

0 

0 

0 

6 

1,310 

0 

0 

0 

7 

1,250 

0 

0 

0 

8 

1,300 

0 

0 

0 

9 

1,260 

0 

0 

0 

10 

1,260 

0 

0 

0 

H 

1,270 

0 

0 

0 




[2,000 

million T 

11 

1,270 

Inoculation, i 

2 cc BAB =: jl.OOO 

million A 




11,000 

mlliion B 

12 

1,220 

0 

0 

0 

13 

1,800 

0 

0 

0 

14 

1,350 

119 

4 76 

2 85 

15 

1,350 

66 26 

22 44 

14 28 

16 

1,270 

100 0 

32 64 

23 66 

17 

1,820 

126 0 

85 71 

1190 

18 

1,210 

220 0 

234 65 

28 57 

19 

1,260 

400 0 

56114 

125 0 

20 

1,360 

630 0 

1 

55194 

285 71 

21 

1,300 

805 0 

714 28 

303 57 

22 

1,390 

1,306 0 

625 0 

236 68 

23 

1,350 

1,200 0 

595 23 

228 67 

24 

1,380 

1,306 0 

595 23 

236 68 

25 

1,450 

1,340 0 

595 23 

236 68 

27 

1,420 

1,400 0 

586 73 

236 68 

29 

1,450 

1,405 0 

739 0 

119 04 

31 

1,490 

974 02 

960 0 

125 0 

33 

1,630 

1,233 76 

1,180 0 

132 64 

35 

1,570 

1,233 76 

1,610 0 

142 85 

37 

1,570 

1,233 76 

1,610 0 

142 85 

89 

1,520 

649 35 

1 082 0 

142 85 

43 

1,480 

649 35 

885 0 

10714 

47 

1,570 

482 35 

490 0 

10714 

51 

1720 

455 0 

442 0 

119 0 

56 

1,580 

3250 

400 0 

57 0 
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TABLE 11 — Data trom which Curve 8 Was Plotted — (Continued) 


Day of 
EsperlmeDt 

Weight of 
Babbit, Gm 

Standard Agglutinin Units 

B typhosus 

B paratyphosus A 

B paratyphosus B 

63 

1,260 

2840 

2510 

106 0 

70 

1,828 

325 0 

243 0 

119 0 

77 


270 0 

114 0 

1110 

84 


243 0 

114 0 

1110 

91 


243 0 

114 0 

115 0 

98 


227 0 

114 0 

128 0 


vaccine voided without any absorption Therefore it is within the range of 
probability that Curve 8 should be regarded as the lesult of a single inoculation, 
that IS, 2 c c containing 2,000 million T and 1,000 million A and 1,000 million B 
The typhoid aggluhmns are unaffected by the first inoculation (inoculating 
needle probably punctured the bowel and the vaccine was voided) but commence 
their rise on the third day after the second inoculation and reach the maximum 
on the eighteenth day after this inoculation At this point the titer shows 
no change for the next two days and then falls rapidly (65 per cent ) until the 
thirty-sixth day when it appears to have reached its point of equilibrium for 
the subsequent fall is but gradual 



Curve 9 


The paratyphoid A aggluhmns are not affected by the first inoculation (which 
was probably voided unabsorbed), but commence their rise on the third day 
after the second inoculation The maximum is reached on the tenth day after 
the second inoculation The titer then falls rapidly (17 per cent ) until the 
^velfth day At this point the titer shows no change until the sixteenth day 
From this point until the twenty-fourth day a further rise in titer is noted 
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(270 per cent ) This latter rise is anomalous and somewhat difficult of expla- 
nation From this point until the thirty-sixth day a fall (69 per cent ) occurs 
At this point the curve appears to have reached equilibrium, for the subsequent 
fall IS but gradual 

The paratyphoid B agglutinins are unaffected by the first inoculation (which 
was probably voided unabsorbed) but commence their rise on the third day 
after the second inoculation The maximum of this rise is reached on the 
tenth day From this point the curve falls and then shows no change until 
the eighteenth day when a fall (50 per cent ) occurs From this point the 
curve appears to be in equilibrium, for with the exception of a few small 
fluctuations the subsequent fall is but gradual 

Rabbit 9 — (Group 5, Curve 9 ) The typhoid agglutinins showed a slight rise 
on the fourth day after this inoculation which reached its maximum on the 
tenth day The curve shows no further change for the next two days It then 
falls, reaching its point of equilibrium on the twenty-eighth day, for from this 
point until the seventy-seventh day the fall was but gradual 
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Curve 10 


The paratyphoid A agglutinins show a slight rise on the second day after 
this inoculation The titer shows no change for the next three days and then 
falls, reaching the base line of normal agglutination by the seventh day 

The paratyphoid B agglutinins show no rise above the base line of normal 
agglutination 

Rabbit 10 — (Group 5, Curve 10) The typhoid agglutinins did not show a 
rise until the seventh day after the inoculation From this point they rose to 
a maximum on the twelfth day The titer fell on the next two days and 
then regained its former height and showed no further change until the twenty- 
fourth day From the twenty-fourth to thirty-fourth day the titer fell 58 per 
cent This was the point of equilibrium for from this point to the seventy- 
seventh day the fall w-as but gradual 

The paratyphoid A agglutinins did not rise above the base line of normal 
agglutination 
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TABLE 12 — Data from which Curve 9 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B ParatyphosuB B 

1 

0 

0 

0 

2 

0 

0 

0 

S 

0 

0 

0 

5 

0 

0 

0 

9 

Inoculated 0 6 c c T A 

B = 600 million T + 260 mi 

llion A + 260 million B 

10 

0 

0 

0 

11 

0 

138 

0 

12 

0 

138 

0 

18 

25 

138 

0 

14 

85 

069 

0 

16 

60 

069 

0 

1C 

8 41 

069 

0 • 

17 

25 0 

0 69 

0 

/18 

894 

0 

0 

19 

416 

0 

0 

20 

416 

0 

0 

21 

812 

0 

0 

22 

218 

0 

0 

23 

218 

0 

0 

24 

18 7 

0 

0 

25 

12 6 

0 

0 

26 

12 6 

0 

0 

29 

17 7 

0 

0 

82 

312 

0 

0 

S3 

26 0 

0 

0 

85 

3125 

0 

0 < 

37 

26 0 

0 

0 

39 

25 0 

0 

0 

41 

26 0 

0 

0 

48 

250 

0 

0 

46 

218 

0 

0 

48 

218 

0 

0 

60 

218 

0 

0 

62 

218 

0 

0 

86 

13 8 

0 

0 
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TABLE 13 — Data from which Curto 10 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

0 

0 

0 

2 

0 

0 

0 

' 3 

0 

1 

0 

0 

6 

0 

0 

0 

9 

0 

0 

0 

9 

Inoculated 0 5 c c T A 

B = 500 million T + 250 mi 

llion A + 250 million B 

10 

0 

0 

0 

11 

0 

0 

0 

12 

0 

0 

0 

13 

0 

0 

0 

14 

0 

0 

0 

15 

1 

0 

0 

0 

16 

0 62 

0 

0 

17 

18 

0 

0 

18 

18 

0 

0 

19 

0 62 

0 

0 

20 

12 

0 

0 

21 

438 

0 

0 

22 

25 

0 

0 

23 

26 

0 

0 

24 

438 

0 

0 

25 

438 

0 

0 

26 

438 

i 

87 

29 

4 38 

0 

18 5 

32 

438 

0 

2 78 

33 

4 33 

0 

185 

35 

37 

0 

00 

37 

00 

0 

00 

89 

207 

0 

37 

41 

00 

0 

00 

43 

18 

0 

9 25 

46 

18 

32 

74 

48 

00 

0 

87 

60 

18 

0 

37 

52 

166 

0 

185 

86 

0 79 

0 

00 
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The paratyphoid B agghitmms did not show a rise until the seventeenth day 
after the inoculation A maximum was reached the next day A fall then 
occurred until the twentj'-eighth day On the thirtieth day to thirty-fourth day 
an increase m paratyphoid B titer is noticed From this point to the forty-third 
day a fall (80 per cent ) takes place When examined on the seventy-seventh 
day there were no paratyphoid B agglutinins above the base line of normal 
agglutination 

CURVES FROM MEN 

None of the men in the following experiments presented any his- 
tory of a previous infection with B typhosus, B paratyphosus A or 
B pai atyphosus B The men of Groups VI to IX, inclusive, presented 
no history of a previous inoculation with any of these organisms The 
blood was always examined once before inoculation to determine the 
base line of normal agglutination The local and general reactions to 
each inoculation, even to the increased dosage m Curves 22 and 23, 
were in no way severe The individual on the day following each of 
the first and second inoculations usually developed a very mild head- 
ache, a feeling of “sleepiness” and a slight soreness at the point of 
inoculation, but this passed away the next day He was not prevented 
from going about his usual occupation In the case of the third and 
fourth inoculation, the local and general reactions were negligible 

W G — (Group 6, Curve 11 ) The typhoid agglutimns had not commenced 
to rise on the fourth day but showed a rise on the seventh day following the 
first triple inoculation By the ninth day the titer had risen (85 per cent ) At 
this point the second triple inoculation was given The curve had continued to 
rise when examined on the fifth day after this inoculation The T titer reaches 
its maximum on the seventh day after the second triple inoculation From this 
' point to the thirty-fourth day the titer falls (74 per cent ) 

The paratyphoid A agglutmms had not commenced to rise on the fourth 
day but showed a rise on the seventh day after the first triple inoculation, 
which was increased by 2,400 per cent by the ninth day At this point the 
second triple inoculation was given The A titer continued to rise (70 per 

cent ) by the fifth day The curve shows no change on the seventh day A 

slight fall IS noted on the twelfth day On the sixteenth day a further rise 
is noted which may be taken as the maximum of the curve From this point 
to the thirty-fourth day the titer falls (81 per cent ) 

The paiatyphoid B agglutinins had not commenced to rise on the fourth 
and seventh day but showed a rise on the ninth day after the first triple 
inoculation At this point the second triple inoculation is given The curve 
continued to rise when examined on the fifth and seventh day after the second 
triple inoculation On the twelfth day a slight fall m titer is noted, which, 

as It corresponds with the drop previously described on the same day in the 

A curve, may be of some significance By the sixteenth day the curve has 
risen again to a point which may be taken as its maximum On the nine- 
teenth day a fall to a point equal to that of the twelfth day is noticed, to 
be followed on the twenty-first day by a rise equal in amount From this 
point to the thirty-fourth day the titer falls (25 per cent ) The apparent 
irregularities m the maximum of this curve may be explained by saying that 
inasmuch as the irregularities of the paratyphoid curves correspond quite closely, 
they are due to an actual change in state of the individual It is also pos- 
sible that the apex of the A titer on the fifth day (after the second inoculation) 
and the apex of the B titer on the seventh day, represent the maximum of 




■ ja Jr 3» ^ 


/o{» A^ 



\PRIL, 1918 


MIXED TRIPLE VACCINE 


477 


TABLE 14— Data from which Curve 11 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

0 

0 

0 

6 

Inoculation, 0 6 c c T A 

B = 500 million T + 250 mi 

llion A + 250 million B 

10 

0 

0 

0 

13 

241 

290 

0 

16 

Inoculation, l 0 c c T A 

B = 1,000 million T + 600 

million A + 600 million B 

16 

210 0 

710 0 

506 

20 

344 0 

1,142 0 

66 0 

22 

970 0 

1,142 0 

6610 

27 

£05 0 

1,122 0 

532 0 

31 

510 0 

1,180 0 

712 0 

34 

530 0 

1,030 0 

632 0 

36 

432 0 

927 0 

712 0 

48 

263 0 

206 0 

476 0 

106 

505 

106 0 

146 0 


the rises due to the first inoculation In that case the drop noted on the 
twelfth day may either be the normal fall in titer following a maximum, or 
a negative phase The maximum noted on the sixteenth day would represent 
the maximum of the rise due to the second inoculation 

J G J — (Group 6, Curve 12) The iyphoid agglntimiis had not commenced 
to rise on the fifth day after the first triple inoculation, but showed a slight 
rise on the seventh day which had greatly increased by the fifteenth day At 
this point the second triple inoculation was given The titer continued rising, 
reaching a maximum on the seventh day after the last inoculation From the 
seventh to fortieth day (after the second triple inoculation) the T titei fell 
(88 per cent ) 

The paiatyphoid A agglutinins had not commenced to rise on the fourth 
day after the first triple inoculation, but showed a rise on the seventh day which 
^ was greatly increased by the fifteenth day At this point the second triple 
inoculation was given The A titer had reached a maximum when next 
examined on the seventh day after the second triple inoculation From the 
seventh to fortieth day the A titer fell (89 per cent ) 

The paratyphoid B agglutinins had not commenced to rise on the fourth 
and seventh days, but showed a rise on the fifteenth day At this point the 
second triple inoculation was given The B titer had risen to a maximum 
\yien next examined on the seventh day From the seventh to fortieth day 
the titer fell (87 per cent ) 


maximum of the curve occurs on any given day, or that a 
ptive phase is present or absent, can only be decisively stated when daily 
minations of the blood are made, as m the case of the rabbit In the case 
o the hurnan subjects, conditions existed which rendered it impossible to take 
t^ood Accordingly, it is not possible in their case to deter- 
the presence or absence of a negatiye phase on any par- 
aay, or the exact position of the true maxima of their curves 
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TABLE IS — Data from which Curve 12 Was Plotted 


Day of 
E'^periment 

Standard Agglutinin Units 

B Typhosus 

B Paratjphosus A 

B Paratyphosus B 

1 

0 

! 

0 ! 

0 

6 

Inoculation, 0 5 c c T A 

B = 500 million T -(- 250 mi 

llion A + 250 million B 

10 

0 

0 

0 

18 

8 22 

5V0 

0 

21 

82 25 

622 0 

53 3 

21 

Inoculation, 1 0 c c T A 

B = 1,000 million T + 600 

million A + 600 million B 

28 

641 0 

1,010 0 

950 0 

85 

432 0 

539 0 

622 0 

88 

192 0 

442 0 

804 0 

61 

64 8 

103 0 

120 0 


The maxima of the T, A, and B curves appear to fall on the same da}"^, 
instead of the more usual condition as seen m the other curves, namely, that 
the B curve commences its rise and attains its maximum later than the T 
and A curves This is perhaps apparent rather than real and may be due to 
the long intervals between examinations 


RED R — (Group 7, Curve 13) The typhotd aggluttmns were not visibly 
affected by the A B inoculations On the second and fifth days after the first 
T inoculation there was still no rise of T agglutinins This is interesting m 
that both the A and B agglutinins showed rises of 68 and 65 per cent , respec- 
tively, on the second day after the first T inoculation On the tenth day the 
second T inoculation was given On the third day after this last T inocula- 
tion the T agglutinins showed a rise which reached its maximum on the twelfth 
day (after this last T inoculation) The A and B agglutinins also show rises 
of 2 and 75 per cent , respectively, on the twelfth day Whether the A and B 
curves would have shown a rise to a maximum before the T curves, if exam- 
inations had been made at shorter intervals, cannot be said with certainty, but 
judging from the other curves, it may be supposed that they would From 
the twelfth to the sixty-first day the T titer fell 94 per cent 


The paratyphoid A agglutinins had not commenced to rise on the fifth day 
^ u ^ ^ inoculation but showed a marked rise on the seventh dav 

w ich was increased by the ninth day At this point the second A B inocu- 
lation was given The A titer continued to rise to a maximum four days later, 
that IS, fourteenth day after the first inoculation A fall (7 per cent ) occurs 
on the seventeenth day It may be assumed that the maximum of the A curves 
fourteenth day is that of the rise due to the first inoculation, even 
though It occurs four days after the second inoculation Whether the fall 
t at IS noted on the seventeenth day is the fall usually seen after the maximum 

attained, or whether it is the negative phase 
lollowing the second inoculation, or whether again it is a combination of the 
two, cannot be decisively determined in this particular instance 

attaint Iff commenced its new rise due to the second inoculation and 
Tpfffh inoculation (nine- 

day the^Jt^rfU^/®^ inoculation) From this point until the twentUrst 
day the A titer falls 82 per cent where it is in equilibrium, for the titer shows 

the first T moeSahon Is 

given Tins evidently stimulates the production of the A agglutinins for the 
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titer has risen (68 per cent) by the second day after this last inoculation 
A fall that is slightly greater than this rise is noted on the fifth day The 
second T inoculation is given on the ninth day Three days later no rise 
m A agglutinins is noted, in fact, they have decreased slightly since the 
last inoculation Whether this fall is a negative phase following the last T 
inoculation or whether it is the natural, gradual fall cannot be decisively stated 
Twelve days after this last T inoculation the titer has increased (2 per cent ) 
From this point until the sixty-first day the A titer falls 60 per cent 


TABLE 16 — Data from which Curve 13 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

0 

0 

0 

3 

Inoculated, 0 5 1 c 

A B = 250 million A + 25C 

1 million B 

8 

0 

0 

0 

10 

0 

103 5 

0 

18 

0 

631 0 - 250 0 

34 2 

13 

Inoculated, 1 0 e c 

A B = 500 millton A + 500 

million B 

17 

0 

1,035 0 

56 0 

20 

0 

950 0 

715 

22 

0 

1,428 0 

715 

27 

0 

1,100 0 

285 0 

29 

0 

1,032 0 

357 0 

31 

0 

590 0 

264 0 

34 

0 

250 0 

132 2 

36 

0 

250 0 

142 3 

36 

Inocu 

lated, 0 5 c c T = 500 milli 

on T 

38 

0 

4210 

235 0 

41 

0 

235 0 

107 2 

45 

Inocu 

lated, 1 0 c c T = 1,000 mil 

lion T 

48 

162 0 

218 0 

56 0 

57 

390 0 

224 0 

95 0 

63 

223 0 

200 0 

610 

70 

162 0 

179 0 

53 0 

79 

84 0 

148 5 

47 8 

106 

32 5 

100 0 

27 0 


The paratyphoid B agglutinins had not commenced to rise on the fifth day 
after the first A B inoculation, but showed a very slight rise on the seventh 
daj This was increased by the tenth da}' At this point the second A B 
inoculation was given The B titer continued to rise The plateau seen on 
the seventh to ninth day after the second inoculation may represent the 
maximum of the rise due to the first inoculation and the subsequent negative 
phase following the second inoculation The maximum of the rise due to the 
second inoculation was reached on the sixteenth dav (after the second inocu- 
lation , the twenty-sixth day after the first inoculation) From this point 
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until the twenty-third day (after the second inoculation) the titer fell (45 
per cent ) On the twenty-third day the titer had risen slightly At this point 
the first T inoculation was given This evidently stimulated the B agglu- 
tinins, for by the second day after this inoculation the B titer had risen 55 
cen t Fr om this point until the fifth day after this last inoculation the 




^ second inoculation was attained on the sixteenth 

day iiy the twenty-fifth day after this last inoculation the B titer fell 53 
per cent At this point the first T inoculation was given The B titer showed 

^ j ^ inoculation, and a still greater 

drop by the fifth day On the tenth day the B titer showed a rise (150 per 
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titer has risen (68 per cent ) by the second day after this last inoculation 
thajt is slightly greater than t his r ise is noted on th e fifth d a ' 



- - r - - .r — — iiau iivi <,uiiiiiicru,ea to rise on the hfth day 

after the first A B inoculation, but showed a very slight rise on the seventh 
day This was increased by the tenth day At this point the second A B 
inoculation was given The B titer continued to rise The plateau seen on 
the seventh to ninth day after the second inoculation may represent the 
maximum of the rise due to the first inoculation and the subsequent negatne 
phase following the second inoculation The maximum of the rise due to the 
second inoculation was reached on the sixteenth day (after the second inocu- 
lation , the twenty-sixth dav after the first inoculation) From this point 


Curve 13 
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^ 1 i-i, 4 . rlav fafter the second inoculation) the titer fell (45 

”‘"oem ) the f.er had nsen shghtl. At .h.s po.nt 

the first T inoculation was given This evidently stimulated the 5 agg 
tinins for by the second day after this inoculation the B titer had ^isen 55 
P^JiLL.^Ioi 5 -Ahis point until the fifth day_after this last moculati^tlm 
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as that of the rise due to the second inoculation was attained on the sixteenth 
day By the twenty-fifth day after this last inoculation the B titer fell 53 
per cent At this point the first T inoculation was given The B titer showed 
a slight fall by the third day after this first T inoculation, and a still greater 
drop by the fifth day On the tenth day the B titer showed a rise (150 per 
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titer has risen (68 per cent ) by the second day after this last inoci^ation 
A fall that is slightly greater than this n;^is_noted--^- 
second T inocjulation— ig ' 


XlilO V A X. *, V. ^ ^ 

inoculation was given The B titer continued to rise The plateau seen on 
the seventh to ninth day after the second inoculation may represent the 
maximum of the rise due to the first inoculation and the subsequent negatne 
phase following the second inoculation The maximum of the rise due to the 
second inoculation was reached on the sixteenth day (after the second inocu- 
lation, the twent 3 '-sixth daj after the first inoculation) From this point 
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until the twenty-third day (after the second inoculation) the titer fell (45 
per cent ) On the twenty-third day the titer had risen slightly At this point 
the first T inoculation was given This evidently stimulated the B agglu- 
tinins, for by the second day after this inoculation the B titer had risen 55 
per cent From this point until the fifth day after this last inoculation the 
B titer fell 64 per cent The second T inoculation was given on the tenth 
day On the third day after this second inoculation the B titer showed a 
distinct drop (20 per cent ) , but no examination was possible on the tenth 
when the second T inoculation was given, owing to the loss of the blood speci- 
men by the breaking of a faulty centrifuge tube It is therefore impossible 
to decide in this instance whether this further fall in titer jUst mentioned 
was a true negative phase or whether it represented the normal fall in titer 
On the twelfth day after this second T inoculation, the B titer showed a rise 
of 75 per cent , evidently in response to the stimulation of the last T inocula- 
tion By the eighteenth day after this second T inoculation the B titer fell 
46 per cent As the subsequent fall in titer was but gradual from this point 
until the sixty-first day (after the second T inoculation) it may be assumed 
that the curve had reached its point of equilibrium 

H W T — (Group 7, Curve 14) The typhoid agglutinins were not appar- 
ently affected by either of the A B inoculations and did not show a rise 
V until the tenth day after the first T inoculation At this point the second 
T inoculation was given The T titer shows a marked rise on the second 
day after this last inoculation, reaching a maximum on the thirteenth day 
From this point until the eighteenth day the curve shows a fall of 43 per 
cent When next examined on the fifty-eighth day the T titer had fallen an 
additional 40 per cent 

The paiatyphoid A agglutinins had not commenced to rise on the fifth day 
after- the first A B inoculation but showed a rise on the seventh day 'which 
had greatly increased by the tenth day At this point the second A B inocu- 
lation was given When next examined on the eighth day after this last 
inoculation the A titer had risen 300 per cent , which may possibly be the 
maximum of the rise due to the first inoculation On the eleventh day the 
A titer had fallen slightly (possibly a negative phase following the second 
inoculation) but regained its former height on the sixteenth day (possibly the 
maximum of the rise due to the second A B inoculation) From this point 
until the twenty-fifth day the A titer .fell 57 per cent At this point the first 
T inoculation was given By the third day the A titer had risen slightly, 
evidently stimulated by the T inoculation From this point until the tenth 
day the A titer fell 48 per cent At this point the second T inoculation was 
given The A titer showed a rise of 75 per cent on the second day after this 
inoculation From this point until the fifth day the A titer fell 85 per cent 
The curve then shows but a small decrease until the eighteenth day, indi- 
cating that the titer had reached its point of equilibrium When next examined 
on the fifty-eighth day the A titer showed an additional fall of 11 per cent 

The paiatyphoid B agglutinins had not commenced to rise on the fifth and 
seventh days after the first A B inoculations, but showed a rise on the tenth 
day At this point the second A B inoculation was given By the eighth day 
after this last inoculation, that is, the eighteenth day after the first inoculation, 
the B titer had risen 117 per cent, which may be considered as the maximum 
of the rise due to the first inoculation On the eleventh day after the second 
inoculation a fall was noted which may represent the negative phase fol- 
lowing the second inoculation A rise to a maximum which may be considered 
as that of the rise due to the second inoculation was attained on the sixteenth 
day By the twenty-fifth day after this last inoculation the B titer fell 53 
per cent At this point the first T inoculation was given The B titer showed 
a slight fall by the third day after this first T inoculation, and a still greater 
drop by the fifth day On the tenth day the B titer showed a rise (150 per 
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TABLE 17 — Data from which Curve 14 Was Plotted 


Day of 
E\periinent 

Stanoard Agglutinin Units 

B Tjphosus 

B Paratyphosus A 

B Paratyphosus B 

1 

0 

0 

0 

3 

Inoculated, 0 5 c c 

A B = 250 million A + 250 

million B 

8 

° 1 

0 

0 

10 

0 

2 85 

0 

13 

Inoculated, 1 0 c c 

A B = 600 million A + 600 

million B 

21 

0 

235 0 

1280 

24 

0 

215 0 

118 7 

29 

0 

235 0 

265 0 

31 

0 

218 0 

237 0 

34 

0 

118 0 

122 0 

38 

0 

102 7 

125 0 

38 

Inocu 

lated, 0 5 c c T = 500 milli 

on T 

41 

0 

103 0 

1070 

43 

0 

59 0 

25 0 

48 

27 7 

53 0 

640 

48 

Inocu 

lated, 10c c T =1,000 mil 

lion T 

50 

139 0 

98 5 

59 0 

53 

144 0 

29 5 

63 2 

61 

149 0 

28 5 

265 

63 

104 0 

24 2 

27 0 

66 

84 0 

24 2 

26 0 

106 

24 2 

18 3 

10 85 
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cent) Whether or not this rise would have been found to occur earlier if 
the intervals between examinations had been shorter cannot be decisively stated 
At this point the second T inoculation was given The B titer shows no further 
rise Whether or not a rise may have occurred during one of the intervals 
when the blood was not examined, cannot be decisively stated By the thirteenth 
day after this last T inoculation the B titer had fallen 66 per cent and as 
It showed no change from this point until the eighteenth day it may be assumed 
that this curve had reached its point of equilibrium When next examined 
on the fifty-eighth day the B titer had fallen an additional 14 per cent 

T p — (Group 8, Curve 15) The typhoid agglutinins had not commenced 
to rise on the fifth day after the first T inoculation, but showed a rise on 
the seventh day which was greatly increased by the tenth day, which appears 
to have been the maximum At this point the second T inoculation was given 
On the fourth day after this last inoculation the T titer fell (50 per cent , 
that is, a negative phase) On the seventh day the titer showed a rise of 
27 per cent The curve shows no change when examined on the eleventh and 
sixteenth days From the sixteenth to twenty-third day the T titer fell 41 



per cent At this point the first A B inoculation was given The T titer showed 
only a small drop (6 per cent ) By the fifth day a further drop of 36 per cent 
had occurred By the tenth day the titer had fallen still farther At this 
point the second inoculation is given On the third day after this last inocu- 
lation the T titer evidently stimulated by the A B inoculation shows a rise 
of 19 per cent From this point until the nineteenth day the T titer fell 37 
per cent As the titer showed but a very gradual fall from this point until the 
sixty-first day after the last inoculation, it may be assumed that it had reached 
its point of equilibrium 

The paiatyphoid A agglutinins did not show a rise until the fifth day after 
the first A B inoculation, which was greatly increased by the tenth day At 
this point the second A B inoculation was given The titer showed a rise of 
ISO per cent by the third day after this last inoculation, which appears to 
be the maximum By the seventh day a fall of 14 per cent had occurred From 
this point until the nineteenth day the curve showed little change From the 
nineteenth to twenty-ninth day a fall of 52 per cent had occurred When 
next examined on the sixty-first day after the last inoculation an additional 
fall of 28 per cent had occurred 
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TABLE 18 — Data from which Curve 15 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

1 

B Paratyphosus B 

1 

0 

0 

0 

3 

Inocu 

lated, 0 5 c e T = 500 milli 

on T 

8 

0 

0 

0 

10 

40 3 

0 

0 

13 

126 0 

0 

0 

13 


Inoculated, 1,000 million T 


17 

63 0 

1 

0 

0 

20 

801 

0 

0 

24 

801 

0 

0 

29 

32 6 - 80 1 

0 

0 

31 

64 9 

0 

0 

84 

48 6 

0 

0 

36 

46 5 

1 

0 

0 

36 

Inoculated, 0 5 c c 

A B = 250 million A + 250 

million B 

18 

43 0 

0 

0 

41 

291 

2 06 

0 

45 • 

22 6 

23 6 

0 

46 

Inoeulated 1 0 c c A 

B = 500 million para A + 

500 million para B 

52 

27 0 

59 0 

0 

52 

22 0 - 128 0 

615 

0 

59 

23 7 20 2 

51 5 

5 31 

64 

14 15 

500 

0 

74 

13 8 

24 0 

0 

106 

119 

24 0 

0 


The paratyphoid B agglutinins did not show a rise until the fourteenth day 
after the second A B inoculation, which appears to be the maximum By the 
nineteenth day the B titer had fallen to the base line of normal agglutination 
where it remained for all subsequent examinations The only rise of the agglu- 
tinins of the first organism (that is, T) which can be attributed to the A B 
inoculations was one that occurred on the same day as the maximum of the 
A curve (one of the organisms inoculated later) The very late and slight 
rise of the B curve is anomalous and is somewhat difficult of explanation 

E A W — (Group 8, Curve 16) In Curve 16, E A W gave no history 
of a previous infection or inoculation with B typhosus, B paratyphosiis A or 
B paiatyphosus B, although from the readiness with which the A and B agglu- 
tinins respond to the T inoculation, it might appear there had been some previ- 
ous undiagnosed infection by these two organisms, unless we have here an 
instance of abnormal sensitiveness of the mechanism for the formation of anti- 
bodies 

The typhoid agglutinins had not commenced to rise on the fifth day after 
the first T inoculation, but showed a marked rise by the seventh day This 
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was furtherjncreased by the tenth day At this point the second T inoculation 
was given " By the fourth day after this last T inoculation the T titer had 
risen 77 per cent By the ninth day the T titer showed a fall of 6 per cent 
The curve up to this point may be interpreted variously As has been noted 
above, the maximum of the rise due to the first inoculation may occur in 
one of three places (1) before the second inoculation, (2) after the second 



inoculation, or (3) may be fused, as it were, with the rise due of the second 
inoculation, depending on the length of the interval between the two inocula- 
tions In this case, it appears that the second of these possibilities has 
occurred and that the T apex on the fourth day after the second T inocu- 
lation IS the maximum of the rise due to the first inoculation and that the 
fall noted on the ninth day after the second inoculation is the negative phase 
following the second inoculation By the fourteenth day after the second 
inoculation the new rise had commenced and had attained its maximum By 
the sixteenth day the T titer had fallen (12 per cent) The curve shows no 
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TABLE 19 — Data from which Curve 16 Was Plotted 


- Day of 
Expenment 

Standard Agglutinin Units 

1 B Typhosus 

B Baratyphosus A 

B Baratyphosus B 

1 

0 

0 

0 

8 

Inoculatl 

on, 05cc T = 600 million 

B typhosus 

8 

0 

' 0 

0 

10 

200 

2 86 

143 

13 

298 

16 0 

37 6 

13 

Inoculati 

on, 0 6 e c T = 1,000 millio 

nB typhosus 

17 

535 

716 

12 8 

22 

600 

57 

14 15 

27 

620 

60 

57 

29 

540 

3 78 

57 

31 

540 

3 78 

64 

34 

540 

3 55 

9 5 

38 

486 

3 65 

119 

38 

Inoculation, 0 6 c c A 

B = 250 million para A + 

260 million para B 

41 

486 

2 29 

67 

43 

486 

119 

2 86 

48 

454 

0 25 

27 4 

48 

Inoculation, 1 0 c c A 

B = 500 million para A + 

600 million para B 

60 

405 

441 

43 0 

52 

286 

59 0 

621 

60 

278 

648 0 768 0 

302 0 

64 

255 

476 0 

292 0 

65 

1 

148 

252 0 

284 0 

74 

i 162 

286 0 

319 0 

106 ! 

138 

210 0 

263 0 


change on the eighteenth and twenty-first days By the twenty-fifth day the 
T titer had fallen another 8 per cent At this point the first A B inoculation 
was given 

The T agglutinins were possibly affected by this first A B inoculation for 
they showed no change (that is, did not continue their natural fall) when 
examined on the third and fifth days (after this first A B inoculation) 
On the tenth day the T titer had fallen 6 per cent At this point the second 
A B inoculation was given but no effect was seen in the T titer From this 
point until the seventeenth day (after this last inoculation) the T titer fell 
(65 per cent ) The fall m titer from the seventeenth to fifty-eighth day was 
very gradual, indicating that it had reached its point of equilibrium 

The paratyphoid A agglutinins did not commence to rise until the seventh 
day after the first T inoculation and reached a maximum on the tenth day 
At this point the second T inoculation was given The A titer had fallen SO 
per cent by the fourth day after this last inoculation From this point until 
the twenty-fifth day after this last T inoculation the A titer showed little 
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change At this point the first A B inoculation was given On the third and 
fifth days after this a drop was seen (that is, negative phase) On the tenth 
day a marked rise had occurred At this point the second A B inoculation was 
given The curve continued its rise reaching its maximum on the twelfth day 
From the twelfth to seventeenth day a rapid fall (65 per cent ) occurred The 
fall in titer from the seventeenth to twenty-sixth day was very gradual, indi- 
cating that It had reached its point of equilibrium 

The paiatyplioid B aggluttmns behaved in exactly the same way as the T 
and A agglutinins, their maxima and negative phases occurring on the same days 
W C C — (Group 9, Curve 17) The typhoid agglutinins first show a slight 
rise on the eighth day after the first triple inoculation and reach their maxi- 
mum on the fourteenth day On the seventeenth day a fall (25 per cent ) is 
recorded On the twentieth day no change in the typhoid titer is noted The 
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Curve 17 


second inoculation is given at this point On the following day no change 
is noted (that is, no negative phase) It was impossible to examine the blood 
for an interval of thirty-eight days By this time the T titer had fallen and 
any rise due to the second triple inoculation was missed 

The paratyphoid A agglutinin, like the T agglutinin, show a rise on the 
eighth day after the first inoculation, which reaches its maximum also on the 
fourteenth day By the seventeenth day the titer has fallen (56 per cent ) 
and shows no change on the twentieth day At this point the second inocu- 
lation is given On the following day a slight fall in titer (that is, a negative 
phase) IS noted It was impossible to examine the blood for an interval of 
thirty-eight days By this time the A titer had fallen and any rise due to 
the second inoculation was missed 
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TABLE 20 — Data from which Curve 17 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

0 

0 

0 

1 

Inoculated, 0 5 c c TA 

B = 500 million T + 250 m 

illlon A + 250 million B 

3 

0 

0 

0 

9 

1 3 

118 

1 43 

12 ' 

32 4 

98 

2 85 

15 

53 0 

172 0 

319 

18 

389 

761 

53 0 96 0 119 0 

21 

371 

761 

127 8 

21 

Inoculated, 1 0 c c T A 

B = 1,000 million T 4 500 

million A + 500 million B 

22 

371 

71 5 

127 8 

60 

280 

55 0 

600 0 


The paratyphoid B aggUitimns showed a very slight rise on the eighth day 
after the first inoculation, which reached its maximum on the twentieth day, 
when the second inoculation was given The titer shows no change the next 
day It was impossible to examine the blood for an interval of thirty-eight 
days The B titer then showed a marked rise It will be noted that in com- 
mon with most of the other experiments the B curve attained its maximum 
later than the T and A curves 

F H M — (Group 9, Curve 18) When first examined on the nineteenth 
day after the first triple inoculation the typhoid agglutinins had evidently 
attained their maximum, for on the twenty-first day the titer had fallen (33 
per cent ) At this point the second inoculation was given 

The T titer showed a fall (8 per cent , possibly a negative phase) when 
examined on the tenth day (after the second inoculation) On the twenty- 
third day a rise in the T titer (36 per cent ) was noted 

The paiatyphoid A agglutinins, like the T agglutinins, have reached their 
maximum on the nineteenth day and show a fall (5 per cent ) on the twenty- 
first day At this point the second inoculation was given By the tenth 


TABLE 21 — Data prom which Curve 18 Was Plotted 


Day of 
Experiment 

1 Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

0 

0 

0 

1 

Inoculated 0 5 c c T A 

B = 500 million T + 250 m 

illion A + 250 million B 

19 

244 0 

80 0 

2715 

22 

1621 

75 6 

2810 

22 

Inoculated, 1 0 c c T A 

B = 1 000 million T + 500 

million A + 500 million B 

32 

148 0 

1 

i 114 0 

320 0 

45 

202 0 

100 0 

920 0 
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day after the second inoculation the A titer had risen (40 per cent ) By the 
twenty-third day a fall of 10 per cent had occurred 

The pmatyphoid B aggluhntns showed a marked rise on the nineteenth day, 
which IS further increased on the twenty-first The B titer showed a marked 
rise on the tenth day after the second inoculation, which was greatly increased 
by the twenty-third day It will also be noted here that the B curve attains 
its maximum last 



Curve 19 

J W — (Group 10, Curve 19 ) The typhoid agglutinins when examined four 
months after the last inoculation had fallen to 39 standard agglutinin units , this 
w’as the point of equilibrium, for examinations made one month and six months 
later showed only a small decrease After this last examination, that is, ten 
months after the last inoculation, the first triple inoculation was given Two 
days later a negative phase was seen On the fifth day the typhoid titer had 
commenced to rise, continuing until the fourteenth day On the sixteenth 
day a fall is seen similar to that seen in the A and B curves at this point, 
but on the nineteenth day the curve continues its rise At this point the 
second triple inoculation was given The typhoid titer had reached its maxi- 
mum by the fourteenth day after this last inoculation From the fourteenth 
to fift 3 '-first day the titer fell (60 per cent ) , the fall at first being rapid but 
later becoming more gradual 
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The paiatyphoid A aggluhnms did not show a use until the fourteenth day- 
after the first triple inoculation After a fall on the sixteenth day similar 
to that seen in the T and B curves at this point, the titer showed a further 
rise on the nineteenth day At this point the second triple ino6ulation was 
given The titer had reached its maximum by the fourteenth day after this 
last inoculation From the fourteenth to fifty-first day there is a fall of 80 
per cent 

The paratyphoid B agglutinins do not show a rise until the fourteenth day 
after the first triple inoculation On the sixteenth day a fall is seen similar 
to that seen m the T and A curves at this point On the nineteenth day the 
curve has recommenced its rise At this point the second triple inoculation 


TABLE 22 — Data from which Curve 19 Was Plotted 


Day ol 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

SOO* 

0 

0 

1 

Inocuiation, 0 6 c c T A 

B = 500 miliion T + 250 mj 

liiion A -(- 250 miliion B 

S 

24 20 

0 

0 

6 

32 4 

0 

0 

15 

84 2 

20 7 

31 25 

17 

65 0 

10 82 

210 

20 

130 0 

226 

SOO 

20 

Inoculation, 1 0 o c T A 

B = 1,000 miUiOD T + 500 

million A + BOO million B 

24 

641 

244 0 

12 78 

27 

390 0 ' 

1715 

9 58 - 12 78 

45 

325 0 

100 0 

11 18 

71 

227 0 

BOO 

5 58 


* Immunized -with two doses of B typhosus vaccine (first, BOO million, second, 1,000 
million) ten months previous to present experiment 


IS given The titer has reached its maximum by the fourteenth day after this 
last inoculation From the fourteenth to twenty-fifth day there is little change 
showing that the curve has reached its point of equilibrium From the twenty- 
fifth to fifty-first day the B titer shows a fall of 45 per cent 

This curve is of interest for it plainly shows a negative phase in the per- 
sistent typhoid agglutinins resulting from the first triple inoculation It can- 
not be contended here, as might be done m the case of falling curves, that 
this fall was the normal fall in titer, for the typhoid titer had been practically 
stationary for over six months, three examinations at intervals of two months 
having shown only a very slight gradual fall 

E H N— (Group 10, Curve 20 ) Thirty-two months after the last T inocu- 
lation, the typhoid agglutinins had fallen to 13 8 standard agglutinin units At 
this point the first triple inoculation was given The typhoid titer had risen 
17 per cent the third day (no negative being seen), and by the fifth day the 
typhoid agglutinins were double the amount recorded at the time of the first 
triple inoculation I shall discuss later the significance of this quick response 
to reinoculation by the typhoid agglutinins in previously inoculated men 

The next examination made on the fortieth day showed that the typhoid 
titer had risen 960 per cent At this point the second triple inoculation was 
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Curve 20 


TABLE 23 — Data from ■which Curve 20 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

13 8* 

0 

0 

1 

Inoculated, 0 5 c c T A 

B = 500 million T + 250 m 

illion A + 250 million B 

i 

16 25 

0 

0 

6 

27 0 

0 

0 

41 

260 0 

427 0 

10 2 

41 

Inoculated, 1 0 c c T A 

B = 1,000 million T + 500 

million A + 500 million B 

42 

260 0 

475 0 

128 

44 

1621 

244 0 

5 1 

54 

1621 

344 0 

6 4 

59 

242 0 

475 0 

55 5 


‘Immunized vith three doses of B typhosus vaccine (first, oOO million, second, 1000 
million, third, 1,000 million) at ueekly Intervals, thirty tuo months previous to present 
experiment 
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given The next day revealed no change in typhoid titer, but on the third day 
after the last inoculation the typhoid titer had fallen (62 per cent , that is, a 
negative phase) On the thirteenth day the titer showed no change, but on the 
eighteenth day it had risen 30 per cent 

The paratyphoid A agglutinins showed no rise for the first five days, but 
when examined on the fortieth day a large rise was noted At this point the 
second triple inoculation was given The titer showed a slight rise on the fol- 
lowing day A fall of 48 per cent was noted on the second day (negative 
phase) On the thirteenth day the A titer showed a rise of 26 per cent , which 
was increased to 47 per cent by the eighteenth day 

The paratyphoid B agglutinins like the A agglutinins had not commenced 
to rise during the first five days When examined on the fortieth day the 
titer showed a marked rise The second triple inoculation was given at this 
point No change in titer was noted on the next day On the second day a 
fall of 52 per cent is shown (negative phase) On the thirteenth day the 
B titer shows a rise which is much increased by the eighteenth day 

E F H — (Group 10, Curve 21 ) When examined twenty-two months after 
the last T inoculation the T agglutinin titer had fallen to 161 standard agglu- 
tinin units The first triple inoculation was then given The blood was next 
examined after an interval of nine days and no change in titer was found 
Whether or not the curve had remained stationary during this interval or 
whether a negative phase had occurred, or whether a quick rise followed by 
a fall had taken place, cannot be determined from these observations As it 
stands this curve would appear to form an exception to the general conclusion 
arrived at below, that the agglutinins in a previously inoculated individual react 
more quickly to remoculation than do the agglutinins of an individual not 
previously inoculated Another explanation is, however, more probable as will 
be seen later At this point, that is, the ninth day after the first triple inocu- 
lation, the second inoculation was given On the fifth day thereafter, the 
typhoid titer showed a rise of 82 per cent A fall of equal amount followed 
by the twelfth day Now if the blood had not been examined for an interval 
of twelve days after the second triple inoculation, the curve would then have 
appeared to have remained stationary, though, as a matter of fact, it had under- 
gone a marked rise and fall, for the rise would have been missed in the inter- 
val Hence it is possible to suppose that a similar condition following the first 
triple inoculation was missed m the interval between the examinations, and 
that instead of a stationary curve as we appear to have, the rise and sub- 
sequent fall were completed between the two successive observations T titer 
then gradually falls until the nineteenth day From this point the curve appears 
to be in equilibrium, for little change is noted 

The paratyphoid A agglutinins show a rise on the ninth day (after the 
first triple inoculation) At this point the second triple inoculation was given 
The paratyphoid A curve continues to rise unbroken (no negative phase being 
seen, although an examination was made two days after the second inocula- 
tion) The maximum was attained on the twelfth day The curve is one of 
the few cases m which it appears that the paratyphoid A curve has reached 
Its maximum later than the T or B curves This appearance, however, may 
be artificial and due to the fact that the three actual maxima may all have 
occurred during the interval from the fifth to fourteenth day from the second 
triple inoculation, so that all are already falling at the next observation 

In the twelfth to ninety-third day, the A titer fell 85 per cent , the fall at 
first being rapid and later becoming more gradual 

The paratyphoid B agglutinins show a slight rise on the ninth day after 
the first triple inoculation At this point the second triple inoculation is given 
The B titer reaches its maximum on the fifth day after the second triple inocu- 
lation From this point to the ninety-third day the curve falls (75 per cent), 
the drop at first being rapid and later being more gradual 



WILBURT C DAVISON 


■■■iaaiaiaMMMaiaMaiaiaa !■■■■■•■■■■■■«»■>«« aaaBaiaBaaMaBSBSSSSSSSSSSSiSSRSSSSSaSSSMSSn&SSSSnSRRSl 

■■■iiaaaiMaaaBaMaaaBaaBsaa aaaaaaaaaaaaaaaaaaiaBaBaBiaaaaaaaaaaaaaaaaaaaaaaaSBaaaaBaaaaSaaaaBBaaSSSBBBBBaaSI 
SBiiBBBaiBBBBMBBBafiaBBBBBBB aaaaaBaaaBaaaBBaaBaaBaaaaaBaaaiaBaaaaaBaaaaaaBBBaBaaaBaaaaBBBBBBBBBBBBBBBBBBBBBSI 
aBnBaBBaiasaaBBBaBflBBaBBBBB EBaaBBBBBiBBBBBBBaBBBBBaBBaBBaBBBaBBBBBBBaaBaBaaBBBBBaBBaBBBaBBBaaSBBBBBBBBBBBBSI 
aBBBBBMaaBaBBBBBBBBBBaBBBBB BBBaBBBBBBBBBBBBaBBigBBBBBBBVBBCBiBBBBBaBBBBBraaaBBBBBflBBBBaBBaBBBBBBBBBBaBBBBBBl 


l&aBB 8 nflsli 5 aBBBaaSBBBaBBBBBa ... 
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lBBaaBaaBB>':BBaBBaaBBiBBBBBBBBB aBBBBBBBaflBBBBBBBaBaBBaBB 


^MBBBBBBBBBBBBaBBBVaBB 

BBBBBBaBBBBBaBaaaBBBBflaBB 

BaBaBBBBBBBBBBBaaBBaaaBBB 


BBBBBBH BBBBBB 


iBBBBBBfl iBBBflBBBaaBBBBBBBBBBBBBBB 

ibbbbbbb iBBBBBaBBaaaaaBBBBBBaBiaa 

.-IBBBBBBB BBBBBBBBBaBBBBBBaBBBBBBBa 
-iBBBBBBaBBaBBBBBBBBBBBBBBaBBBBa BBB B 
BBBBBBBaaB BBBBBBBBBaBBBBBBflBBBBBBaB 
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Curve 21 


TABLE 24 — Data from which Curve 21 Was Plotted 


standard A&glutinln Units 


Day of — ^ 

F xpenment B Typhosus | B Paratyphosus A | B Paratyphosus B 


Inoculation, 05cc TA B = 500 million T -f 250 mlillion A + 250 million B 


Inoculation, locc TA B = 1,000 million A -F 500 Imillion A -f 500 million B 


♦ Immunized vith three doses of B typhosus vaccine (first, 600 million, second, 1.000 
million, third, 1,000 million) twenty two months previous to present experiment 
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The fact that the B agglutinins attain their maximum on the same day as 
the T agglutinins is worthy of note, although it must not be forgotten that 
this as well as the fact that the respective maxima have occurred between 
the ninth and the fourteenth day (fiom the second triple inoculation) and so 
have been missed 

A D G — (Group 11, Curve 22) The typhoid agglutinins eight months 
after the first inoculation (that is, the T inoculation) had fallen to 10 standard 
agglutinin units When next examined, six months later, the T titer had not 
appreciably changed At this point the first triple inoculation was given Six 
days after this the T titer had risen 2,000 per cent This quick rise of the 
T agglutinins is of interest, for in men not previously inoculated with T, the 
T titer does not begin to rise until the seventh to eighth day, and the maximum 
IS not attained until about the fourteenth to twenty-first day The significance 
of this will be discussed later 


TABLE 25 — Data from which Curve 22 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Typhosus 

B Paratyphosus A 

B Paratyphosus B 

1 

10 22* 

0 

0 

1 

Inoculation, 0 5 e c T A 

B = 500 million T + 600 m 

illion A + 600 million B 

7 

219 0 

13 2 

0 

17 

138 0 

61 6 

35 6 

17 

Inoculation, 1 0 c c TAB 

= 1,000 million T + 1,000 

million A + 1,000 miilion B 

24 

148 0 

94 5 

356 0 

33 

130 0 

412 0 

692 0 

85 

1421 

252 0 

817 0 

38 

104 0 

93 0 

856 0 

63 

138 0 

245 0 

476 0 

63 

138 0 

172 0 

320 0 


* Immunized with one dose of B typhosus vaccine (1,000 million) fourteen months 
previous to present experiment 


On the sixteenth day (after the first triple inoculation) the T titer had fallen 
(33 per cent ) At this point the second triple inoculation was given The 
titer had risen 7 per cent when examined seven days later On the sixteenth 
day after the second triple inoculation the titer had fallen (13 per cent) On 
the eighteenth day after the second triple inoculation the titer shows a new 
rise (9 per cent ) On the twenty-first day the titer has again fallen (26 
per cent ) From this point the curve is irregular and difficult of explanation, 
but judging from the fact that the A and B curves show the same phenomena, 
they must be significant On the eighteenth day (after the second triple inocu- 
lation) the T curves show a new rise, to be followed on the thirty-sixth day 
by a decided rise The titer shows no change on the forty-sixth day The 
decided rise from the twenty-first to the thirty-sixth day (after the second 
triple inoculation) is somewhat difficult to explain, but since the same phe- 
nomenon is recorded in both the A and B curves, it must be significant 

The paratyphoid A agglutinins show a slight rise on the sixth day which 
reaches its maximum on the sixteenth day 

At this point the second inoculation is given The titer shows an increase 
on the seventh day which reaches its maximum on the sixteenth day after the 
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second inoculation From the sixteenth to eighteenth day (after the second 
triple inoculation, thirty-second to thirty-fourth day after the last triple inocu- 
lation), the A titer falls 39 per cent 

A further fall (36 per cent ) recorded during the next three days (thirtj^- 
seventh day after the first triple inoculation and twenty-first day after the 
second triple inoculation) On the thirty-sixth day after the second triple 
inoculation a rise (140 per cent) is noted, the same phenomenon as has been 
recorded in this curve for the T agglutinins On the forty-sixth day from the 
second triple inoculation the A titer has fallen 30 per cent 

A rise m the paratyphoid B Met was not recorded until the sixteenth day 
after the first triple inoculation At this point the second triple inoculation 
was given The curve continues its rise, showing no break in continuity (this 
may be an artefact due to the fact that no examination was made for seven 
days after the second triple inoculation) and reaches its maximum on the 
eighteenth day after the second triple inoculation In common with the majority 
of the other curves, the B is the last to attain its maximum A fall in titer 
(56 per cent ) is recorded on the thirty-seventh day after the first triple inocu- 
lation (twentieth day after the second triple inoculation) On the thirty-sixth 
day after the second triple inoculation a rise in titer (30 per cent ) similar to 
that seen in the T and A curves on the same days, is noted A fall (33 per 
cent) then takes place (forty-sixth day after the second inoculation) similar 
to that noted for the A titer for the same days 

W C D — (Group 11, Curve 23) Twenty months after the last T inocula- 
tion the iiuvtbc) of typhoid standaid agghitimn units had fallen to 7 The T 
titer had fallen to 4 standard agglutinin units when examined five months later 
At this point (that is, twenty-fifth month after the last T inoculation) the 
first triple inoculation was given The same quick rise as has been described 
above (Curves 19, 20 and 22) in men previously inoculated with T is again 
well brought out in this curve, for on the sixth day after the first triple inocu- 
lation there is a rise of over 180 per cent The T titer reaches its maximum 
on the eighteenth day At this point the second triple inoculation is given 


TABLE 26 — Data from which Curve 23 Was Plotted 


Day of 
Experiment 

Standard Agglutinin Units 

B Tjphosus 

B Paratyphosus A 

B Paratyphosus B 

1 

4 3» 

1 

0 

0 

2 

Inoculation, 0 5 c c A A 

B 500 million T + 500 m 

illion A + 500 million B 

8 

10 0 

1 1 43 

0 

20 

14 0 

214 0 

2 85 

20 

Inoculation, 1 0 c c TAB 

= 1,000 million T + 1,000 

million A + 1,000 million B 

22 

13 0 

118 0 

17 8 

25 

14 0 

219 0 

25 0 

84 

62 0 

243 0 

173 5 

86 

29 2 

260 0 

173 6 

39 

25 6 

218 0 

244 0 

64 

324 

200 0 

89 0 

64 

21 6 

114 2 

320 

97 

14 8 

114 2 

29 0* 




typhosus vaccine (first, 600 million, second, 
months previous to present experiment 


1,000 
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The titer has fallen, that is (negative phase on the second day following this 
last inoculation), but on the third day the new rise is recorded and on the 
fourteenth day the maximum is reached A sharp fall (42 per cent ) is recorded 
by the sixteenth day From this point the fall in titer is but gradual, showing 
that the T curve has reached its point of equilibrium 

The paratyphoid A agglutinins show a very slight rise on the sixth day fol- 
lowing the first triple inoculation This rise reaches its maximum on the 
eighteenth day At this point the second triple inoculation was given A fall 
of 45 per cent (that is, negative phase) is recorded two days later and on the 



fifth day after the second triple inoculation the new rise occurs, which attains 
Its maximum on the sixteenth day From tins point the curve falls, reaching 
its point of equilibrium on the forty-fourth day after the second triple inocu- 
lation When next examined on the seventy-seventh day (after the second triple 
inoculation) the A titer showed no change 

The paratyphoid B agglutinins showed a very slight rise on the eighteenth 
day after the first triple inoculation At this point the second triple inoculation 
was giv?n The curve continues its rise to a maximum on the nineteenth day 
after the second triple inoculation From this point the curve falls, reaching 
Its point of equilibrium on the forty-fourth day after the second inoculation 
The fall noted on the sevent 3 '-seventh daj' was but slight (10 per cent) 
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DISCUSSION OF RESULTS 

In discussing the results obtained in the foreging experiments it 
will be of advantage to consider, first, the meaning of the curves 
obtained in rabbits, together with certain features which are common 
to both series of curves The curves from man may then be analyzed 
in the light of the facts observed and the conclusions drawn from the 
animal experiments 

It may, however, be asserted at the outset that both sets of curves 
exhibit certain points with equal clearness These common general 
features are the following 

1 The general type of the reaction to inoculation is the same 
throughout both series of curves, the second inoculation with any given 
vaccine almost invariably raising the agglutinin titer to a much highei 
level than that reached after the first inoculation And it will be noted 
that even where the reaction to the first inoculation is somewhat feeble, 
a good immunity may be expected after remoculation 

2 Individual idiosyncracy plays an important part in the degiee of 
immunity resulting from inoculations made with equal doses of vaccine 
in difterent animals of the same species, whatever the particular vaccine 
employed It also plays a part in determining in mixed inoculation 
(mixed vaccine) which of the constituent micro-organisms will produce 
the best reaction 

3 Species also clearly plays a pait in this connection For it will be 
noted that while the reaction to paratyphoid B is practically always 
lowest in the rabbit curves, this is not by any means the case in man 

4 The immediate effect of any second immunizing inoculation 
depends to a considerable extent on the precise period in the curve of 
the fiist inoculation at which it is introduced Thus, if the second 
inoculation is given before the rise due to the first inoculation has 
reached its maximum, the curve may show no break m continuity, but 
continues to rise to the maximum resulting from the second inocula- 
tion ^yhether or not a distinct maximum for each rise is seen appeals 
to depend on various factors, one of which is the interval between the 
two inoculations, and one of three conditions may result (1) the 
maximum of the first rise may be attained before the second inocula- 
tion, (2) the maximum of the first rise may be attained after the 
second inoculation, in which case a fall will be recorded before the 
second rise commences , (3) there may, as already stated, be no break 
in the continuity of the curve, and but one maximum may be noted, 
which may peihaps represent that of the second rise, or perhaps that 
of the two rises together 

5 These curves have been plotted directly from the actual readings 
and no attempt has been made to remove any gross irregularities in 


TABLE 27 — Summary of ti 




Eirst Inoculation 

Second Inoculation 

'title of 

Bacilli 


First 

Maxi 



First 

Ml 

Experiment 


Doses* 

Indica 

mum 

Interval, 

Doses 

Indies 

m; 




tion of 

Bise 

Days 


tion of 

B 




Bise 




Bise 



T 

1,000 

3 

9 

11 

2,000 

3 


Group I 







Curve 1 

A 

500 

2 

6 

11 

1,000 

2 


Babbit 1 

B 

500 

3 

6 

11 

1,000 

3 

] 


T 

1 000 

3 

7 

15 

2,000 

1 


Group I 
Curve 2 

A 

500 

3 

7 

15 

1,000 

2 


Babbit 2 

B 

500 

4 

7 

15 

1,000 

3 



i 

1 

T 

None 

0 

0 


None 

0 


Group II 
Curve ^ 

A 

500 

2 

8 

11 

1,000 

3 


Babbit 3 

B 

500 

3 

8 

11 

1,000 

3 



T 

None 

0 

0 


None 

0 


Group II 
Curve 4 
Babbit 4 

A 

500 

3 

5 

11 

1,000 

1 



B 

500 

3 

6 

11 

1,000 

1 



T 

1,000 

1 

3 

11 

11 

2,000 

4 


Group III 








Curve 5 

A 

None 

5 

11 


None 

0 


Babbits 

B 

None 

4 

5 


None 

1 



T 

1,000 

3 

9 

11 

2,000 



Group III 







Curve 6 

A 

1 None 

0 

0 


None 



Babbit 6 

B 

1 

1 

None 

1 

0 

1 

0 


None 




T 

1,000 

3 

9(12) 

9 

2,000 

1 or 4 

I! 

Graup IV 





9 or 

Curve 7 
Babbit 7 

A 

' 500 

2 

8 

9 

1,000 

1 

IS 


B 

600 

3 

9 

9 

1,000 

1 


T 

1,000 

0 

0 

9 

2,000 

3 

IS 

Graup IV 






10 

Curve 8 
Babbit 8 

A 

500 

0 

0 

9 

1,000 

3 

10 


B 

500 

0 

0 

9 

1,000 

3 


T 

500 

4 

10 





Group V 
Curve 9 

A ^ 

250 

2 

2 

! 




Babbit 9 

B 

250 



1 





T 

500 

7 

12 





Group V 
Curve 10 

A 

250 







Babbit 10 

B 

250 

17 

34 






* Kumbers in columns of doses refer to numbers of millions of bacilli injected 


■Experiments on Rabbits 


Third Inoculation 


Interval, 

Days 

Doses 

First 
Indica 
tion of 
Else 

Maxi 

mum 

Rise 









65 


4 

5 


None 

2 

2 and 8 


None 

2 

9 

55 


3 

G 


None 

1 

2 


None 

0 

0 


None 

0 

0 


65 


2 


4 


55 


500 

500 


3 


4 


Fourth Inoculation 


Interval, 

Dajs 

Doses 

First 
Indica 
tion of 
Rise 

Maxi 

mum 

Rise 







1 


10 


3 

6 


None 

1 

0 

0 


None 

2 

2 

10 


3 

5 


None 

2 

3 


None 

2 

5 


None 

5 

s 

10 

600 

3 

7 


10 


500 


3 
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TABLE 28 — Summary of Results of— 




First Inoculation 

Second Inoculation 

Title of 

Bacilli 


First 

Maxi 



First 

JIn\i 

Experiment 


Doses* 

Indici 

mum 

Interval, 

Doses 

Indica 

mum 



tion of 

Rise 

Days 


tion of 

Ri'e 




Rise 




Rise 



T 


7 

9 

9 

1,000 

5 

7 

Group VI 








Curve 11 

A 


7 

9 

9 

500 

5 

14 

TV G 

B 


9 

9 

9 

500 

5 

14 


T 

1 

500 

7 

15 

15 


7 

7 

Group VI 



1 





Curve 12 

A 

250 

7 

15 

15 


7 

7 

J G J 

B 

250 

15 

15 

15 

500 

7 

7 


T 

None 

0 

0 


None 

0 

0 

Group VII 









Curte 13 

A 

250 

7 

10 or 14 

10 

500 

9 

9 

R E D R 

B 

250 

7 

10 or 14 

10 

500 

4 or 14 

16 


T 

None 

0 

0 


None 

0 

0 

Group VII 








16 

Curve 14 

A 


7 

10 or 18 

10 

500 

16 

H TV T 








16 


B 

1 

250 

10 

10 or 18 

j : 

10 

500 

16 


T ' 


7 

10 

10 

1,000 

7 

7 or 16 

Group T III 








Curve 15 

A 

None 

0 

0 


None 

0 


T P 

B 

None 

0 

0 


None 

0 

0 


T 

500 

1 

7 

10 or 14 

10 

1,000 

4 or 14 

14 

Group VIII 








Curve 16 

E A TV 

A 

' None 

7 

10 


None 




B 

None 

7 

10 


None 

9 

9 


T 


s 

14 

19 

1,000 

38 

38 

Group IS 


1 





38 

Curve 17 

A 


8 

14 

19 

500 

3S 

TV C C 

B 

j 250 

i 

S 

19 

19 

500 

38 

3S 


* 

T 

500 

IS 

IS 

21 

1,000 

23 

23 

Group IX 




IS 



10 

Curve IS 

4 

250 

IS 

21 

500 

10 

F H H 

B 

250 

IS 

1 

21 

21 

500 

10 

10 


Refer to footnote to Tnble 27 
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Maxi 

mum 

Rise 


2 

2 

10 

3 

10 

9 or 12 


10 


Pourth Inoculation 


Interval, 

Days 

Doses 

First 
Indica 
tion of 
Rise 

Masi 

mum 

Rise 









9 

1,000 

3 

12 


^one 

12 

12 


Kone 

12 

12 

10 

1,000 

2 

13 


None 

2 

2 


Kone 




Kone 

3 


9 

500 

3 or 14 

3 or 14 

9 

500 

14 

14 


Kone 



10 

500 

2 

12 


f 


10 


10 


500 


2 


12 
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TABLE 29 — Summary of Experiments on Men 


Title of 
Experi- 
ment 

Bacilb 

Previous 
Typhoid 
Immuni 
zation, 
Boses at 
Weekly 
Intervals 

First Triple Inoculation 

Second Triple Inoculation 

Inter 

val. 

Mo 

Dose 

First 

Indica 

tion 

of 

Bise 

Maxi 

mum 

Else 

Inter- 

val, 

Mo 

Dose 

First 

Indica 

tion 

of 

Else 

Maxi 

mum 

Else 


T 

(1) 5007 

10 

500 

5 

19 

19 

1,000 

14 

14 

Group X 


(2) 1,0005 









Curve 19 

A 

None 

10 

250 

14 

19 

19 

600 

14 

14 

J W 












B 

None 

10 

250 

14 

19 

19 

600 

14 

14 



(1) 500] 











T 

(2) 1,000 


32 

500 

3 

10 

40 

1,000 

17 

17 

Group X 


(3) 1,000 










Curve 20 

A 

None 

32 

250 


40 

40 

600 

1 

17 

E H N 












B 

None 

32 

250 


40 

40 

600 

1 

17 



(1) 500] 











T 

(2) 1,000 


22 

500 



9 

1,000 

5 

5 

Group X 


(3) 1,000 










Curve 21 

A 

None 

22 

250 

9 

9 

9 

500 

5 

12 

E E H 












B 

None 

22 

250 

9 

9 

9 

600 

5 

5 


T 

(1) 1,000 

14 

500 

6 

16 

16 

1,000 

7 

7 

Group XI 











Curve 22 

A 

None 

14 

500 

6 

16 

16 

1,000 

7 

16 

A D G 












B 

None 

14 

500 

16 

16 

16 

1,000 

7 

18 



(1) 5001 











T 

(2) 1,000 


25 

500 

6 

18 

18 

1,000 

5 

14 

Group XI 


(3) 1,000 










Curve 23 

A 

None 

25 

500 

6 

18 

18 

1,000 

6 

16 

C D 












B 

None 

25 

500 

18 

18 

18 

1,000 

2 

19 


accordance with preconceived ideas as to the form of the finished 
curv^es Further experiments are necessary before it is possible to 
decide whether some of these gross irregularities are due to inaccura- 
cies of technic, or whether they represent the correct amounts of free 
agglutinins in the circulation at the time of examination 

The majority of these irregularities fall into one class, namely, 
quick secondary rises or rebounds during an otherwise rapidly falling 
curve (usually thirteen or fourteen days after inoculation) If this 
sudden secondary rise for from twenty-four to forty-eight hours m a 
falling cur\'e is not due to faulty technic, it might be explained as the 
irregular reaction of an exhausted agglutmogemc mechanism The 
remainder of the gross irregularities occur as sudden, temporary secon- 
dary falls during a rising curve Possibly the agglutmogemc mechan- 
ism which IS responding to the stimulation of the vaccine by a rapid 
production of free agglutinins into the peripheral circulation is tern- 
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poranly exhausted and cannot continue its rapid production of agglu- 
tinins until after an interval of comparative recuperation or until the 
mechanism has become compensated or accommodated to this unaccus- 
tomed stimulation 

As I said before, further experimentation alone will show whether 
these gross irregularities correctly represent the amounts of free cir- 
culating agglutinins at the time of examination, or whether they are 
due to inaccuracies of technic 

The Cwves /; om Rabbits — 1 From the Rabbit Curves 3, 4, 5 and 6, 
it IS seen that an animal already immunized to one or more bacilli 
responds to subsequent inoculations of one or more different bacilli in 
two ways First, it produces specific agglutinins for the bacilli last 
injected and second, it shows a temporary new increase in the agglu- 
tinin titer for the bacilli injected first Such temporary rises of the 
original agglutinins exhibit two different types in different cases 
There may be (1) a sharp “kick-up” following almost immediately 
on heterologous inoculation (also seen m Cuive 13 [human]), or (2) 
a later rise whose apex corresponds with the maximum of the specific 
curve of the later immunization The first type is apparently a rapid 
nonspecific response to the injection of a toxic substance, for an exactly 
similar reaction has been shown to occur to other forms of chemical 
or physical irritation (that is, bleeding,®^ injection of any toxic fluid, 
etc ) As I shall point out later (m connection with the Human 
Curve 13), this sudden increase in agglutinin may perhaps be related to 
the extensive destruction of leukocytes which Bull®® states to be caused 
by inoculations 

The latter type of rise may be explained as due to a “sympathetic” 
increase of activity of the whole antibody producing mechanism at the 
time when the new specific mechanism reaches its maximum of activity 

This “sympathetic” response is also frequently well marked in a 
somewhat different connection Thus, it may be seen, for instance, 
in Curve 1, that the typhoid and paratyphoid A curves, following triple 
inoculation, attain their maxima and commence their fall while the 
paratyphoid B titer is still rising But as the paratyphoid B curve 
approaches and attains its maximum, the fall of the typhoid and para- 
typhoid B curves is arrested, so that a plateau results which peisists 
in each case until after the paratyphoid B titer has passed its maximum 

2 By comparing the Curves 3, 4, 5 and 6 with Curves 1, 2, 7 and 8, 
in which typhoid, paratyphoid A and paratyphoid B were injected 
simultaneously, it is seen that a given dose of a bacillus when injected 
simultaneously with other bacilli gives rise to as good an immunity 

31 Schroeder, K Thesis, Copenhagen, 1906 

32 Bull, C G Jour Exper Med , 1916, 23, 419 
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reaction as when it is injected alone in the same dosage This point is 
one of great practical impoitance m its bearing on prophylactic inocu- 
lation against the enteric fevers (typhoid, paratyphoid A, and para- 
typhoid B) 

3 In the Curves 1-8, the commencement of the rise of the agglu- 
tinins of the organism first injected shows marked regularit}^ for in 
12 out of 17 instances the rise commenced on the third day, and of the 
other 5 cases, m 2 it occurred on the second day, in 2 on the fourth 
and in 1 on the fifth day after inoculation 

4 The maxima of the rises in the rabbits’ curves due to the first 
inoculations do not show the same regularity, as they range from the 
fifth to the eleventh day, the average being 7 7 days 

This fact, that is, that the first rise reaches its maximum about the 
seventh day, is of practical importance, as it indicates the optimum 
time to give a second inoculation For it is seen that in cuives in which 
the second inoculation is given before the curve from the previous 
inoculation has commenced to fall, a greater amount of agglutinins is 
produced 

5 For inoculations other than the first there is not the samer regu- 
larity seen in regard to the commencement of the rise or the attainment 
of the maximum, though the response is usually more rapid than on the 
first occasion , 

6 With the exception of Curves 1, 2, 3 and 5 m rabbits, and 12, 
16 and 20 in man, the paratyphoid B agglutinins commence their rise 
and attain their maximum later than the typhoid and paratyphoid A 
agglutinins 

7 It is evident from the study of Curves 9 and 10, and from a com- 
parison of them with any of the others, that giving a rabbit an inocula- 
tion with this dose, that is, 500 million typhoid and 250 million para- 
typhoid A and 250 million paratyphoid B, produces a much smaller 
amount of agglutinins than giving a man the same dose, in other 
words, the mechanism for antibody production m man is very much 
more sensitive to those organisms than that of a rabbit, and to gel 
similar effects we must increase the dosage for rabbits 

This dose of 500 million typhoid and 250 million paratyphoid A 
and 250 million paratyphoid B is evidently less than the dose required 
to give a good immunity reaction in rabbits, while a dose of 1,000 mil- 
lion typhoid and 500 million paratyphoid A and 500 million para- 

33 It must be remembered in this connection that owing to the exigencies 
of the case, inoculations could not alwa\s be made, or blood withdrawn at a 
constant hour of the day This was usually done But it is possible that varia- 
tions in the time of commencement of the rise, not exceeding one day, might 
be due to earh or late inoculation or bleeding as the case maj be 
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typhoid B (as in Curves 1-8) appears sufficient Castellani has shown 
in rabbits that increasing the dose above this last named strength does 
not appreciably increase the amount of the agglutinins produced In 
men in Curves 24 and 25 I found that increasing the proportions of 
paratyphoid A and paratyphoid B appeared to increase the amount of 
agglutinins produced for these organisms (in comparison with typhoid 
titer), but this may have been due to individual idiosyncrasy 

The Curves fiom Man — 1 Curves 13, 14, 15 and 16 m the men 
(as does Curve 3 in rabbits) show that the immunity reaction to the 
later organism is less intense than that to the first (except for para- 
typhoid A in curve 16) and may actually fail to reach the level to which 
the first agglutinins have fallen (B, Curve 15) 

Curves 13 and 14 also show that the stimulus of the second immuni- 
zation causes a definite use in the agglutinins of the first organisms 
In Curve 13 the phenomena occurs twice 

First within forty-eight hours of the first typhoid inoculation there 
IS a sharp rise of the parat)fphoid A and paratyphoid B curves, prob- 
ably due to the general stimulation of the inoculation already referred 
to in the discussion of the results in rabbits Since BulP^ declares that 
the inoculations cause extensive destruction of leukocytes, it may be 
suggested that the two phenomena bear a direct relationship to one 
another and that this leukocytic disintegration liberates the agglutinins, 
as has been shown in vitro 

Secondly, in Curves 13, 14 and 15 a rise m the agglutinins of the 
first organisms is seen at or about the point at which the maximum of 
the agglutinins of the later organisms has occurred This second type 
of rise IS of great importance in interpreting the results of clinical 
agglutination tests in inoculated individuals For instance, in a typhoid 
inoculated person who acquires a paratyphoid infection, the rise in the 
typhoid titer which has been described as occurring during the course 
of the active infection is a rise of this second type The first type of 
rise (Curve 13) corresponds very closely with the phenomenon seen m 
the curves of inoculated individuals who have been subjected to a 
rather intense nonspecific stimulus such as a simple bleeding or the 
inoculation of an entirely different organism 

2 In Curve 16 a plateau is seen in the curve of the organism first 
inoculated (that is, typhoid) to follow immediately on the first inocu- 
lation of the later organisms, that is, paratyphoid A and paratyphoid B 
I should be inclined to attribute this to the stimulus of this inoculation 
if it were not for the fact that such plateaus are found to occur in this 
and in other falling curves at points where no inoculations were given 


34 See Footnotes 19, 20 and 21 
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(vide Slip} a) No rise in the typhoid titer is seen at the maximum of 
the paratyphoid A or paratyphoid B curves, although its apparent 
absence may be due to the length of the interval between examinations 
Since it must always be remembered in curves plotted from observa- 
tions made at intervals longer than twenty-four hours, sharp rises and 
falls may at times escape detection 

3 By comparing Curves 13, 14, 15 and 16 with curves 11 and 12, 
in which typhoid, paratyphoid A and paratyphoid B were injected 
simultaneously, it is evident that, as in rabbits, so also in men, the same 
quantities of bacilli when injected stmidtaneously with other bacilli give 
for each organism as good and usually a g)eate} immunity reaction 
than if It had been injected alone (and as a first inoculation) 

4 In Curves 19, 20, 22 and 23 in which typhoid inoculation had 
been given from one to three years previously, it was found that when 
the triple vaccine was injected the typhoid titer rose earlier than in 
individuals who had not received typhoid injections previously 

From this quick response to reinoculation by an immunized indi- 
vidual it may well be deduced that one of the ways in which piophy- 
lactic inoculation confers immunity is by habituating the protective 
mechanism to the formation of particular antibodies so that it remains 
in a state of readiness which enables it to react with a much shortei 
latent period to the invasion of the specific organisms and either to pre- 
vent them gaining a foothold or to abort the infection in an early stage 

5 Negative Phase — In certain curves, 14, 15, 16, 18, 19, 20 and 23, 
in the men, we see (as in Curves 1-6 in rabbits) a short, sharp, 
unexpected fall within forty-eight hours after any inoculation other 
than the first This is best interpreted as a negative phase In some 
cases (that is, in falling curves) this fall might be explained as the 
continuation of the natural fall, but in other cases, that is, those in 
vhich the curve immediately preceding this sharp fall was practically 
level for six months (as in Curve 19) there appeals no interpretation 
other than that of Wright’s^^ negative phase This would appeal to be 
in contradiction to the results of Bull 

CONCLUSIOXS 

From the foregoing discussion of the results obtained in these 
experiments the following conclusions bearing on the practical problem 
of prophylactic inoculation in man against the typhoid-paratyphoid 
group of organisms stand out as possessing paramount importance 

1 When a mixed \accine is used the immunity obtained for each 
of its constituent bacilli is a't least as good as, and very often greater 

35 Wright, A E Brit Med Jour , 1903, 1» 1069 Von Wassermann, A , 
and Summerfield, P Aled Klin , 1915, 11 , 1307 
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than, that obtained against any one of these organisms when it is 
employed alone in the same dosage for a first immunization 

2 AVhen single vaccines aie employed m succession and the immuni- 
zations are cairied out independent^, the response is greatest to that 
vaccine which is introduced first To the later immunizations with 
other micro-organisms the specific response is almost always less 
intense It has associated with it, however, as a secondaiy result the 
production of a new rise of variable extent m the agglutinin titei of the 
serum of the bacillus of the first immunization 
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A STUDY OF THE METABOLISM OF ASTHMA 

EDWIN ZUGSMITH, MD, and MAX ICAHN, MD, PhD 

PITTSBURGH NEW YORK 

The efitects of asthma on the anabolism and katabohsm of the 
human body should be considered from different points of view The 
causative factor (for example, anaphylaxis, etc) may induce certain 
pathochemical changes which lead to asthma as one of the results, and 
these pathochemical changes are the disturbing factors in the metab- 
olism of these patients, or, again, the syndrome, asthma, may affect the 
metabolism of the patient by (for instance) depriving the blood of 
oxygen, or by affecting the nervous system, circulatoiy system, etc 
When, therefore, results are reported of the metabolism findings in 
asthmatic individuals, discrimination should be used as to which factor 
IS to be held responsible for these deviations from the normal chemical 
balance of the body 

Before discussing the experiments that we have performed in our 
study of this disease, we wish to review the literature that may be 
pertinent to this subject We have found no report of a complete 
metabolism study of patients suffering from asthma The effect of 
dyspnea on metabolism has, however, been investigated 

Senator^ has found that moderate respiratory impediment affects 
but little the nitrogen katabohsm, sometimes augmenting it slightly, 
whereas if the dyspnea becomes very great, the increase of the nitrogen 
excretion is marked and may last several days after the disappearance 
of the dyspnea (Fraenkel,^ Fleischer and Penzoldt,® Fraenkel and 
Geppert,^ Klemperer,® Praussnitz,® ArakP) 

Colosanti is the only observer who comes to the opposite conclu- 
sion, and his reputation is such that his work cannot be slighted 
Colosanti and Palamenti obstructed the breathing by chemical and by 
mechanical means, and found that the percentages of urea and nitrogen 
in the urine were both subnormal as long as the obstruction was main- 

* Submitted for publication Feb 19, 1918 

* From the Department of Laboratories, Beth Israel Hospital 

1 Senator Arch f path Anat u Physiol , 1868, 42 , 1 

2 Frankel Arch f path Anat u Ph 3 'siol , 1876, 57, 273 

3 Fleischer and Penzoldt Arch f path Anat u Physiol , 1882, 78, 210 

4 Fraenkel and Geppert Ueber die Wirkungen der verdunnten Luft auf den 

Organ, 1883, p 78 

5 Klemperer Ztschr f khn Med , 1889, 16, 584 

6 Praussnitz Sitzungsb d Gesellsch f Morphol u Ph\ siol in Munchen , 
1890, 5, 70 

7 Araki Ztschr f phjsiol Chem , 1891, 15, 335 

8 Colosanti and Palamanti MaVs Jahresb u d Fortschr d Thierchem , 
1894, 24 , 466 
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tamed, rising again when the impediment was remo\ed They also 
say that the secretion of urine ceased during dyspnea 

Matthes® writes “One must hesitate before accepting unqualifiedly 
their conclusions that the lessened supply of oxygen diminished the 
activity of the regressive metamorphoses of the organism ” 

We shall discuss the Colosanti results later 

It has been generally accepted by the German school that there is a 
breaking down of protein in dyspnea Whether this is due to a break- 
ing down of the body cells due to lack of oxygen (a theory suggested 
by Frankel), or whether (as Klemperer asserts) the increased protein 
katabohsm is due to a poison produced by the dyspnea, or whethei 
(according to Praussmtz) the primary eftect of the dyspnea is to 
break down the nonniti ogenous substances in the body, and only sec- 
ondarily to augment the protein decomposition — is a much mooted 
point 

Saccone^® found that the restriction of lespiration ip a dog by the 
application of a Sayie corset caused an increased elimination of uri- 
nary phosphorus, which became normal only after two days 

It has been found by a number of observers that when tissue oxi- 
dation IS lessened, due to dyspnea, unoxidized products may be elim- 
inated in the urine, as, for example, lactic acid Senator,^ for instance, 
found glucose in the urine of dogs with dyspnea, and Dastre^^ found a 
hyperglycemia in similar conditions It was proved by Hoppe-Seyler^® 
that the lactic acid excreted under these circumstances was paralactic 
acid, that is, ethylidene lactic acid 

Dyspnea may be induced by vagus paralysis But it has been found 
by Rauber and VoiR® that the oxygen absorption and the carbon dioxid 
elimination were not changed in experimental section of both vagi 
Von Maar,^^ however, reported different results 

The absorption of oxygen increases considerably, and generally is doubled, 
in the lung whose vagus is cut, and it falls almost as much in the other lung 
The excretion of carbon dioxid was affected in the same sense as the absorption 
of oxygen, but to a far less extent Von Maar found that as soon as the other 
vagus was cut, the breathing of the two lungs became equalized He exposed and 
scrutinized the lung during one experiment, and could see no change in the 
amount of blood that it contained, thus making it plain that the circulation had 
nothing to do with the changes observed On the other hand, by compressing the 
left pulmonary artery, he did directly disturb the circulation through the lungs 
(Matthes“) 

9 Matthes, M , in C von Noorden’s “Metabolism and Practical Medicine,” 
1907, 2, 331 

10 Saccone Ann di med nav, 1907, 13 , (1), 573 

11 Dastre De la Glycemie asphysique. These de Pans, 1879 

12 Hoppe-Seyler Ztschr f physiol Chem , 1895, 20, 365 

13 Rauber and Voit Sitzungsb d k Akad d Wssensch , zu Munchen, 1868 

14 Von Maar Skand Arch f Physiol , 1902, 229 

15 Matthes von Noorden Metabolism and Practical Medicine, 1907, 2, 304 
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Case 1 — Histoiy — A married woman aged 40, developed a severe attack of 
asthma when m midocean seven years previously, and continued to be afflicted 
m varying degrees of severity and almost without interruption until the present 
report One maternal aunt was an asthmatic As a child the patient had one or 
two attacks of oppressed breathing History and family history are otherwise 
negative m so far as they have a bearing on the asthmatic state Her condition 
at the time of the examination showed a normal blood pressure, and gat^e normal 
urinary findings on routine examination There was a profuse expectoration of 
mucopus containing a great variety of bacteria, and there was considerable mucus 
in the stool Roentgen-ray examination of the lungs had already shown an 
absence of any tuberculous lesion, but disclosed the fact that the larger bronchial 
tube walls were much hypertrophied — a result no doubt of the long continued 
effort at forced breathing 

Prehmviaiy Laboiatoiy Examtnahons — The urine was light, amber, specific 
gravity 1 018, acid, containing no albumin, glucose or the acetone derivatives, 
showing a trace of indican Microscopically, many squamous epithelial cells 
derived from the vulva were present 

Examination of the blood was negative 

The feces were yellow in color, of semisolid consistence, containing no blood, 
but rather excessive quantities of mucus which was microscopically negative 

Bactenologic examination of the sputum showed the presence of staphylo- 
coccus, streptococcus, and Mici ococcus catarihahs 

The Wassermann test was negative (Dr Bronfenbrenner) 

M ethod of Pi occdui e — The patient was put on a Folm diet, which consists of 
Whole milk, 500 c c 

Cream (18-22 per cent fat), 300 cc . 

Eggs (white and yolk), 450 gm 
Horlick’s malted milk, 200 gm » 

Sugar, 20 gm 
Sodium chlorid, 6 gm 

Water enough to make the whole up to 2 liters 

“The ingredients combine into a liquid mixture containing 119 gm protein, 
and approximately 148 gm fat and 225 gm carbohydrates ” (Folm ) 

The patient was kept on this diet foi three days The twenty-four-hour urine 
collections were preserved with thymol The daily intestinal evacuations were 
marked off by a capsule of carmm (0 3 gm ) 

The following methods were used for the analyses of the urine and feces 
The nitrogen was estimated according to Kjeldahl, and the total sulphur by the 
Benedict"' method, total and ethereal sulphates, by the Foliffl" method, the 
inorganic sulphates were computed by subtracting the ethereal sulphates from the 
total sulphates , the “neutral” sulphur was computed by subtracting the total 
sulphate sulphur from the total sulphur Urea was estimated by Benedict’s” 
method ammonia and creatinm by Folin’s” methods, uric acid by the Folin- 
Shaffer''’ method, purin bases bj-^ the Kruger-SchmidP method, phosphorus by 
Neumann’s" method, calcium and magnesium by McCrudden’s’’^ method 


16 Benedict Jour Biol Chem , 1909, 6, 363 

17 Folm Am Jour Physiol , 1905, 13, 51 

18 Benedict Jour Biol Chem , 1911, 8, 455 

19 Folm Am Jour Phjsiol , 1903, 8, 330 

20 Folm and Shaffer Ztschr f physiol Chem , 1901, 32, 552 

21 Kruger and Schmidt See Hawk, Practical Ph 3 'siol Chem , Ed 5, 1916, 513 

22 Neumann Ztschr f phjsiol Chem , 1904, 43, 45 

23 McCrudden Jour Biol Chem , 1911, 10, 187 
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METABOLISM STUDIES 

Study of the Nitiogen Metabolism — The patient took in daily an 
average of 17 5 gm nitrogen in her food In the urine she voided daily 
an average of 11 4 gin nitrogen, and in her feces, an average of 2 2 gm 
nitrogen There was thus left a positive balance of 3 9 gm Nitrogen 
representing 33 15 gm protein 

The nitrogen partition of the mine shows the following The per- 
centage excretion of urea, ammonia, and uric acid nitrogen is normal 
There is a slight inciease in the elimination of the creatmm and ammo- 
acid nitrogen The data for the nitrogen partitions aie repiesented 
in Table 1 

Study of the Sulphw Metabolism — The patient took daily in her 
food an average of 3 2 gm sulphur trioxid (SO3) and voided in the 
urine daily an average of 2 4 gm sulphur trioxid, and in the feces 
0 93 gm , causing a negative balance of 0 13 gm It thus seems that m 
this case the katabohsm of the sulphur poition of the molecule does 
not go hand m hand with the nitrogen katabohsm, for, whereas there 
was a positive average balance of 3 9 gm nitrogen, the sulphur shows 
a loss The sulphur partition in the urine is very interesting There 
is an increase m the nonoxidized sulphur fraction (so-called “neutral 
sulphur”) This would be m harmony with the findings of Reale and 
Boeri,^^ who observed that by inducing dyspnea m dogs by compression 
of the chest, there was a marked increase m the “neutial” sulphui 
fraction of the urine — even as high as 37 5 per cent of the total 
sulphur 

The ethereal sulphates were not increased, showing that there was 
not present to any extent an intestinal putrefactive condition Von 
Noorden^® found, m general, that there was no deviation from the 
normal 111 the limmation of the conjugated sulphates m the urine by 
emphysematous subjects 

Since one of us is interested m the volatile sulphids eliminated m 
the urine, we determined that fraction m the urine was found that 
from 2 to 3 per cent of the total sulphur was volatile sulphid We 
made no attempt to identify which of the volatile sulphids were present 
It would be interesting to analyze such urine for hydrogen sulphid, 
mercaptan, ethylsulphid, etc 

The ratio of nitrogen to sulphur was on the average of 11 5 1 

The data of the sulphur partition are given m Table 2 

Study of the Mmeial Metabolism — As will be seen from the 
accompanying data on Table 3, there was nothing strikingly abnormal 

24 Reale and Boen Wien med Wchnschr, 1895 

25 Von Noorden See Matthes, Footnote 15 
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TABLE 1 — Nitrogen Partition- 


Daj 

Volume 

Urine, 

Oc 

Nitrogen 

6m 

Urea N 

Ammonia N 

Per Cent 
Total N 

Gm 

Per Cent 1 
Total N 

Gm 

1 

1,070 

12 3 

£2 7 

10 1721 

26 

03074 

O 

7C0 

10 4 

£0 5 

£373 

22 

0 22S8 

S i 

£90 

11 7 

£0 2 

93S5 

39 

0 4563 

4-\ erage 

906 

11 4 

£1 1 

9 2455 

28 

0 3192 


TABLE 2 — Sulphur Partition of Urine, Case 1 



Total 

S as 
SOa, 
Gm 

Inorganic SOa 

Ethereal SOa 

Neutral S as SOa 


Daj 

Per 

Cent 

Total 

SOa 

Gm 

Per 

Cent 

Total 

SOa 

m 

Per 

Cent 

Total 

SOa 

Gm 

Volatile S 
Portion, 
per Cent of 
Total 

SOa 

N S 
Eatio 

1 

27 

688 

1 8576 

12 8 

0 3456 

18 4 

0 4968 

2 4 

113 1 

2 

21 

67 4 

1 4254 

14 9 

0 3129 

17 7 

0 3727 

2 35 

12 2 1 

3 

2 6 

667 

1 

1 

1 7342 

14 2 

0 3692 

191 

0 4986 

2 97 

112 1 

Aver 

24 

1 

1 : 
I 6(6 

1 

1 6224 

13 9 

0 3336 

18 4 

0 4416 

2 57 

11 5 1 


TABLE 3 — Mineral Excretion in the Urine and Feces, Case 1 



1 Phosphoru 

5 

Pentovid 

Calcium Oxid 

Magnesium Oxid 

Chlorin 

Daa 

Urine, 

Gm ! 

1 


Feces, 

Gm 

Urine, 

Gm 

Feces, 

Gm 

Urine, 

Gm 

Feces, 

Gm 

Unne, 

Gm 

1 

29 


1 2 

06 

1 61 

0 92 

0 57 

57 

n 

31 


08 

0 67 

1 59 

0 87 

0 32 

52 

3 

2 7 


1 9 

0 72 

1 £2 

0 91 

0 42 

63 

Average 

29 

1 13 

0 66 

1 67 _ 

09 

0 43 

57 

Total j 

i 

2 


2^ 

1^ j 



in the elimination of phosphorus, calcium and magnesium in the urine 
and feces There A\as an average daily positive balance of 0 9 gm 
phosphorus pentoxid (PoOs)? 0 36 gm calcium oxid (CaO), 0 12 gm 
magnesium oxid (MgO) The French school of physicians have 
descnbed phenomena of marked demineralization, that is, loss of cal- 
cium oxid, phosphorus pentoxid and magnesium oxid in pulmonary 
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— OF Urine Ca.se 1 


Anuno Acid N 

Uric Acid N 

Purin Base N j 

Creatiliin N 

Rest N 

Per Cent 


Per Cent 


Per Cent j 


Per Cent 1 


Per Cent 

Total N 

Gm 

Total N 

Gm 

Total N 

Gm 

Total N 

j 

Gm 

Total N 

21 

0 25S3 

27 

0 3321 

1 

22 

0 2706 

57 

0 7011 

02 

3 7 

0 3S48 

IS 

oisn 

21 

0 2184 

61 

0 6344 

33 

43 

0 5031 

28 

1 

0 3276 

1 9 

0 2223 

1 

58 

0 6786 

11 

33 

0 3762 

2 4 j 

0 2730 

2 06 ! 

0 2348 

5 6 

0 6612 

1 5 


TABLE 4 — Balance Sheet, Case 1 



Nitrogen 

1 

Sulphur 

Trlovld 

I Phosphorus 
Pentoxid 

Calcium 

0\id 

Magnesium 

Oxid 


Peces, Unne, 
j Gm Gm 

Feces, Urine, 
Gm Gm 

Peces, Urine, 
Gm Gm 

Peces, Urine, 
Gm Gm 

Feces, Urine, 
Gm Gm 

Aver daily intake 

17 5 

1 

. 32 

1 

27 

1 4 

Output first day 
Total 

12 3 2 2 

14 5 

27 08 

3 5 

29 12 

1 

0 6 1 61 

2 21 

0 92 0 57 

149 

Output second day 
Total 

10 4 2 7 

131 

21 07 

28 

00 

o 

CO 

CO 

0 67 1 59 

2 26 

0 87 0 32 

1 19 

Output third day 
Total 

117 18 

13 5 

26 13 

39 

27 19 

4 6 

0 72 1 82 

2 54 

0 91 0 42 

1 33 

Average output 
Total 

114 2 2 

13 6 

2 4 0 93 

3 33 

29 13 

4 2 

0 66 1 67 

2 33 

0 9 0 43 

1 33 

Total intake, three 
days 

52 5 

96 

15 3 

810 

4 2 

Total output, three 
days 

411 

10 2 

12 6 

7 01 

4 01 

Balance after three 
days 

+11 4 

—0 6 

+2 7 

+109 

+019 

Average daily bal 
ance 

+3 8 

-02 

+0 9 

+0 36 

+0 12 


phthisis This patient has no evidence whatever of tuberculosis As 
far as we are aware, the mineral metabolism of asthma has never been 
previously studied 

In Table 4 is given a balance sheet of the intake and output of 
nitrogen, sulphur trioxid, phosphorus pentoxid, calcium oxid and mag- 
nesium oxid The average intake of the three days is given The out- 
put data are given in their daily quantities 

Case 2~H‘ist0fy — A young woman, aged 29, married, with a healthy child 
Her family history is negative Her past history shows that when a child she 
had several attacks of pleurisy and pneumonia During the past few years she 
complains of shortness of breath, of occasional typical asthmatic seizures, which 
pass off after several hours Her heart and kidneys are normal A slight degree 
of emphysema is present 
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The urine examination is negative, specific gravity, 1016 Examination of 
the feces is negative The sputum shows many streptococci, pneumococci and 
pus cells Negative for tubercle bacilli after gumea-pig inoculation The blood 
count shows hemoglobin, 90 per cent , red blood cells, 4,200,000 , white blood cells, 
10,200, polynuclears, 62 per cent , mononuclears, 35 per cent , eosinophils, 3 0 per 
cent The Wassermann test is negative 

This patient was also kept on a Folin diet for three days, and her metabolism 
was studied on the plan described under Case 1 

Study of the NiUogen Metabolism — From the data of Table 8 it 
will be seen that the patient took in daily an average of 18 8 gm of 


TABLE 5 — Urinary Nitroge' 


Daj 

Volume 

Urine, 

0 e 

Nitrogen 

Urea N 

Ammonia X 

Per Cent 
Total N 

Gm 

Per Cent 
Total N 

Gm 

1 

1,520 

14 94 

85 5 

12 7737 

47 

0 7022 

2 

1,725 

14 82 

864 

12 805 

41 

06076 

3 

1,050 

14 35 

84 2 

12 1827 

35 

0 5022 

Average 

1,631 

14 703 

85 3 

12 5391 

41 

06027 


TABLE 6 — Urinary Sulphur Partition, Case 2 



Total 

S as 
SOa, 
Gm 

Inorganic SOa 

Ethereal SOa 

Neutral S as SOa 


Day 

Per 

Cent 

Total 

SOa 

Gm 

Per 

Cent 

Total 

SOa 

Gm 

i 

Per 

Cent 

Total 

SOa 

Gm 

! 

Volatile S 
Portion, 
per Cent of 
Total 
SOa 

N S 
Eatio 

1 

3 87 

52 4 

2 0278 

29 7 

11494 

17 9 

0 6917 

215 

99 1 

2 

3 81 

541 

2 0558 

26 8 

11211 

191 

0 5677 

3 22 

95 1 

3 

3 72 

660 

2 0832 

27 5 

0 8230 

16 5 

0 61S8 i 

1 

217 

98 1 

Arer 

38 

54 1 

2 0558 

280 

10640 

1 

; 17 8 

0 6764 

2 61 

97 1 


TABLE 7 — Mineral Excretion in Urine and Feces, Case 2 


1 

Phosphorus Pentoxid 

Calcium Oxid 

Magnesium Oxid 

Dav ' 

Urine, | 
Gm 

Peees, 

Gm 

Urine, 

Gm 

Pcces, ^ 
Gm 

Urine, 

Gm 

Peees, 

Gm 

1 i 

3 21 

107 

0 92 

22 

0 35 

009 

0 

1 

3 32 

112 

0 85 

2 5 

032 

on 

3 

2 05 

170 

0 94 

24 

0 33 

012 

Iverage 

3 19 ! 

_ i 

1 

0 903 

i 23 

0 33 

0106 

j 

Total 

V 1 

4 4S 

3 203 

0 436 
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nitrogen and excreted daily ai-rat erage of 14 703 gm nitrogen in the 
urine and 2 83 gm in the feces showing a positne average balance of 
1 267 gm nitrogen, or 7 918 gm protein The nitrogen partition was 
normal, except perhaps that there is a slight deduction m die creatinin 
excretion The urea nitrogen, ammonia nitrogen punn base and uric 
acid nitrogen and amino-acid nitrogen fractions are normal 

Sfudv of the Sulphni Metabolism — It will be seen (Table 8) that 
the patient took in a daily average of 4 785 gm sulphur tnoxid m her 


— Partitiox, C-^se 2 


Ammo Acid X 

Uric Acid X 

Purin Base X 

j Creatinin X 

j Rest X 

Pei Cent 


Pei Cent ] 


Per Cent ! 


! Per Cent 


j Per Cent 

Total X 

Gm 

Total X 

1 


Total X j 

Gm 

j Total X 

1 

Gm 

1 Total N 
\ 

17 

0 2539 

i 

20 

029SS 

21 

0S137 


0 329S 

! IS 

21 

0 3112 

19 

0 2S16 

25 

0 3705 


0 4001 

( 

04 

I 

19 

0 2726 

17 

0 2439 

1 9 

0,2726 


0 450-2 

' 2 6 

i 

19 

0 2793 



21 

1 OSOS7 

' 27 

0 3569 

’ 16 

1 


TABLE 8 — Bcl\xce Sheet Case 2 



Xitrogen 

Sulphur 
Trioxid ' 

! 

Phosphorus ' 
Pentoxid 

Calcium 
Ovid j 

Magnesium 

Ovid 

Chlorin 



Urine, Feces,, 
Gm Gm j 

Unne, Feces, 'irnne, Feces, 
Gm Gm j Gm Gm 

Urine, Feces, 
Gm Gm 

Urine, 

Gm 

Aver dailv intake 

IS S 

1 

1 

4 7S5 

i 

4 91 j 

3 25 

0 46 

6 37 

Output first dav 
Total 

14 94 2 37 

17 31 

3 S7 0 65 

4 52 

3 21 1 07 i 

4 2S 1 

1 

0 92 22 ! 

312 1 

! 0 35 0 09 

j 044 

614 

Output second dav 
Total 

14 S2 2 56 
17 SS 

i 3 SI 0 67 

! 44S 

3 32 1 12 i 

4 44 

0S5 2 5 

335 

0 32 0 U 

i 0 43 

6 25 

Output third day 
Total 

1 14 35 2 74 

17 09 

1 3 72 0 72 

4 44 

1 2 95 1 70 

4 65 

0 94 2 4 

3 34 

0 33 012 

0 45 

603 

Average output 
Total 

li 703 2 S3 

17 533 

3S 06S 

4 4S 

3 19 1 29 

4 4S 

0 903 2 3 

3 203 

0 33 0 106 

0 436 

614 

Total intake, three 
davs 

56 4 1 

14 355 j 

14 73 j 

9 75 

ISS 


Total output, three 
days 

52 599 

13 44 

13 44 

9 609 

1303 


Balance after three 
days 

-3 601 

-0 915 

J-129 

-^0 141 

-0 072 


Avenge dailv bal 
ance 

-1267 

— 0 

-0 43 

-0 047 

-1-0 024 



food, and that she eliminated a daily a\ erage of 3 8 gm sulphur tnoxid 
m the urine and 0 68 gm sulphur tnoxid in the feces, lear mg a daily 
positn e balance of 0 305 gm sulphur tnoxid 

The urmar}' sulphur partition (Table 6) is interesting The excre- 
tion of ethereal sulphates is increased the figures being almost twice 
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finally the shape of the parts was recorded by tracing their outlines on 
glass, with pen and drawing ink Two tracings were made, one by 
placing the glass flat on the base of the skull over the pituitary (cor- 
responding to Figure 1), and the other by tracing the outline of the 
surface of the bone, after a sagittal saw cut in the median plane had 
permitted chipping away one side of the region For this a sheet of 
mica was used because of its thinness and the outline afterward trans- 



Fjgs 1 and 2 — Shoving conformation of the sellar region Reduced one third 


ferred to glass These tracings may be preserved as such, or may be 
reproduced by contact through photographic processes The material 
here presented has been collected entirely within the Craig Colony’s 
necropsy service, mostly by myself, but in part by Drs Shaw and Joy, 
to whom my thanks are due The eighty-five cases presented are very 
largely consecutive and the omissions and additions from the senes 
are due, with one exception, to reasons of expediency, m other words, 
this senes does not represent selected material 



APRIL, 


ms 


PITUITARY GLAND IN EPILEPTICS 


533 


The line of vision of the roentgenologist and of the pathologist are 
ditferent by 90 degrees The roentgenologist views the sella along a 
line parallel to that joining the two external auditory meatuses — 
from the side, in this position the clinoid processes necessarily cast 
a shadow which seems to be above and across the hollow of the sella, 
and any increase in their length will give a shadow completelv closing 



Fig 3 — ^The approximated finger tips used to represent the clinoids 

the mouth of the sella The pathologist at necropsy sees these struc- 
tures from above, along a line at right angles to that of the roentgen- 
ologist The sella and its neghborhood are exposed flat to view and 
the actual relations of the parts can be seen, it will always be found 
that no matter how the clinoids overlap, they are laterally placed and 
always have between them an opening over the gland, coyered by dura 



Fig 4 — Representing the opening between the laterally placed clinoids 

In Figures 3 and 4 the approximated finger tips are used to repre- 
sent the clinoids , in Figure 3 the finger tips are seen as the roentgen- 
ologist sees the clinoids, while in Figure 4, the large opening between 
the laterally placed clinoids is well shown 

Unfortunately, normal material has not been a-vailable to me for 
use as a standard Through the courtesy of the late Dr Gibson of the 
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University of Buffalo I was able to obtain some tracings of presum- 
ably nonepileptic sellas, shown in Figure 5 It is interesting to note 
the diversity of these sellas and to comment on the fact that in the 
normal material seen in the University’s bone room, the middle chnoids 
were practically always distinctly present, while in our epileptic 
material the middle chnoids were practically always absent 

Only selected drawings (Figs 8, 9 and 10) are reproduced with 
this article, but an inspection of the entire series shows that in the 



Fig 5 — Presumably normal sellas Reduced one half 

epileptic there is no constant shape or type of sella, but that, on the 
contrary, there is a wide diversity This will be shown by various 
tabulations 

TABLE 1 — General Conformation 

Cases 


Average or large 61 

Small 16 

Average or normal depth 64 

Shallow 1^ 

Deformed 16 
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From the horizontal tracings we can predict what sort of shadow 
our cases would have cast on the roentgen ray plate The intei chnoid 
gap is the measure of this and is determined as follows 

The tips of the anterior clinoids are joined by a line A line 
parallel to this is drawn through the most anterior portion of the 
posterior clinoids, the distance between these two lines is the mter- 
clinoid gap Since the roentgen rays diverge somewhat, the shadow 
of the gap will be somewhat wider than the above measure, dependent 
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Fig 6 — Relation of pituitary weight to anterior-posterior diameter of sella 


on the position of the tube The results of this measurement are as 
follows 


TABLE 2 — Interclinoid Gap 



Cases 

No gap 

34 

1 mm or less 

10 

1 mm up to 2 mm 

16 

2 mm up to 4 mm 

20 

4 5 mm up to 6 5 mm 

5 

Total 

85 


It must be admitted from this tabulation that roofing would appear 
in a majority of the cases of this series 

Before accepting this as evidence of compression, we must recall 
that the anatomist always sees an open space above the gland, filled 
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onl} by dura and bounded laterally by the clmoids This space is 
clearly seen m the median sagittal sections, and measuring the nar- 
rowest portion of the aperture we have the following 


TABLE 3 — Effective Opening of Sella 



Cases 

5 mm to 6 5 mm 

11 

7 mm to 10 5 mm 

54 

11 mm to 13 mm 

12 

Total 

77 
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Fig 7 — Showing beam weight and pituitary weight for males and females 
Dotted lines show ratio to one part of pituitary The circles are males, dots 
females 


The sella is bounded anteriorly by the olivary eminence and pos- 
teriorly by the dorsum sellae These structures are sometimes so 
shaped as to narrow the opening of the sella, so that the effective 
opening is less than the greatest anterior-posterior diameter The 
relations of these measurements are shown by a comparison of Tables 3 
and 4, and the amount of overhang is shown in Table 5 




APRIL. 1918 


PITUITARY GLAND IN EPILEPTICS 


537 


TABLE 4 — Anterior-Posterior Diameter (Greatest) 



Cases 

5 mm to 7 5 mm 

9 

8 mm to 11 5 mm 

62 

12 mm to 13 mm 

6 

Total 

77 








770 

Wt. 575llig 



Fig 8 — Diagrams showing the diversity in shapes of the sella in different 
epileptic subjects Reduced one half 

TABLE 5— Overhang (Antero-Posterior Diameter Greater Than 

Effective Opening) 



Cases 

No overhang 

41 

Slight (about 1 mm ) 

18 

Some (about 2 mm ) 

13 

Marked (3 to 4 mm ) 

5 


Total 


77 
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In addition to actual overhang, some limitation of the sella is pro- 
duced by changes in the shape of the olivary eminence This is shown 
in the anatomic drawing as a rounded prominence, but in many of our 
cases, its sagittal section shows a sharp angle at the anterior border of 
the pituitary, and even more important, the olivary eminence becomes 
possessed of lateral angular processes which tend to encroach on the 
cavity of the sella 










Fig 9 — Additional t\pes of sella in epileptics Reduced one half 
The sellas have shown considerable variation in depth 


TABLE 6— Depth 






Cases 

5 

mm 

to 7 5 

mm 

17 

85 

mm 

to 9 5 

mm 

42 

10 

mm 

to 12 

mm 

9 


Total 


78 


For comparison as to the size of the normal sella the following 
figures may be quoted 
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TABLE 7 — Normal Measurements 

Depth 
8 mm 

10 to 14 5 mm 
5 5 mm 
8 mm 

Comparing these, figures with those recorded from our series, it 
would seem that our cases run somewhat smaller than the normals 


Keith® 

Dock® 

Biedl® 

Fearnsides’^ 


Antero-Postenoi Transverse 
10 to 12 mm 14 to 15 mm 

6 to 10 5 mm 
14 mm 

10 to 12 mm 

■ Weight, from 590 mg to 731 mg 





Fig 10 — Types of sella m epileptics Reduced about one half 

The weights of 116 glands have been lecorded and are shown m 
the following tabulation 

TABLE 8 — ^Weights of 116 Glands 

Cases 


Between 200 and 300 mm 8 

300 and 400 mm 8 

400 and 500 mm 26 

500 and 600 mm 28 

600 and 700 mm 28 

700 and 800 mm 11 

800 and 900 mm 4 

1,000 to 1,100 mm 3 


Total 116 


It has been mentioned that the gland is often smaller than the 
sella in our cases 


5 Keith Lancet, London, 1911, 1 , 993 

6 Quoted by Munson and Shaw, Footnote 1 

7 Fearnsides Lancet, London, 1914, 2, 16 
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The relation of anterior-posterior diameter of the sella and the 
weight of the pituitary has been plotted in a few cases and shows 
(Fig 6) that the weight of the gland and the diameter of the sella 
decrease together 

Another chart (Fig 7) shows the relation of brain weight to the 
pituitary weight, by males and females We see that female brains 
tend to run lighter in weight than the males, but that the female 
pituitary glands are distinctly heavier than those of the males The 
ratios of these two weights are widely variable — from 1 part pitui 
tary to 5,570 of brain tissue, to 1 to 1,044 The dashed lines shown 
in the figures are representative of the ratios indicated, and are drawn 
from the imaginary zero of the chart 

Certain deformities have been noted which may be briefly men- 
tioned 

Middle clmoid processes were seen in only two of our cases 
The modifications of the olivary eminence by its overhang and by 
lateral angles have been mentioned 

Modifications in the shape of the dorsum sellae are numerous and 
are shown in the sagittal tracings especially The shed-roof type, the 
grossly thickened, and the slender delicate represent wide variations 
of type Notably, the middle of thexlorsum sellae is lowered by a deep 
notch, sometimes extendinging almost to the floor of the sella 

The anterior and posterior clinoids not infrequently join each other 
in bony continuity, thus, five times on the right, once on the left and 
once both sides were thus joined In addition, bony foramina for the 
internal jugulars are not uncommon and seem to be formed by bony 
bands between the anterior clinoids and the region where the middle 
clmoid should be Spicules are also present in the dura continuous 
with the posterior clinoids 

In seven cases, there was very well marked asymmetry 
Once the anterior clmoid showed an exostosis 
Bony channels on the posterior surface of the dorsum sellae or 
extending transversely through it from side to side, and containing 
blood-channels, are not uncommon 

CONCLUSIONS 

The sellas from a series of unselected epileptic subjects present a 
wide variation m type The average size seems a trifle smaller than the 
figures given for normals and the contained gland seems to weigh less 
Roofing will be seen m the roentgenogram, but m reality the gland 
is well exposed and pressure seems a remote possibility Bony changes 
are present but seem to be the anomalies which might well be present 
m a similar series of nonepileptic cases There is no characteristic 
change to be seen m epileptic sellas 



THE INTRAVENOUS SERUM TREATMENT OF EPI- 
DEMIC CEREBROSPINAL MENINGITIS 


W W HERRICK, MD, MAJOR, M R C 
Chief of the Medical Service, Base Hospital 

CAMP JACKSON, S C 

The meningeal aspect of meningococcus infections has usurped such 
a prominent place in the commonly accepted ideas of the nature of 
epidemic cerebrospinal meningitis, that important facts have been kept 
in the background The very name of the disease and the causative 
agent have given undue prominence to a single manifestation of a 
condition that in our opinion is very much more than a cerebrospinal 
meningitis This is by no means a new idea Others have from time 
to time expressed the opinion that meningococcus infections are pri- 
marily septic m nature and that meningitis is a secondary complication 
So far as we are aware, however, this conception has not been adopted 
as a practical working basis for diagnosis or treatment Such promi- 
nence has been given the meningitis that the preminmgitic stage of 
meningococcus sepsis has been for practical purposes disregarded It 
is our view that in a recognition of this primary stage of sepsis lies the 
key to early diagnosis and a more effective treatment 

This point of view has been forced on us by experience of an epi- 
demic of 208 cases in the Base Hospital, Camp Jackson, and has been 
reached more or less independently by workers at the bedside and 
workers m the laboratory The practical results have been the recog- 
nition of primary meningococcus sepsis in almost half of the cases 
before the characteristic selective action on the meninges has been 
exerted , the recognition of abortive cases or of other types of menin- 
gococcus sepsis not showing meningitis, the establishment of intra- 
venous serum therapy on a firm basis with notable reduction of 
mortality and, further, the development of clinical and laboratory 
methods of diagnosis of proved value 

In making this report and in publishing conclusions that are at 
variance with some existing views we wish to make clear that much 
of this study was made under what were practically field conditions, in 
a hospital in the stage of organization, often without heat or even 
water, with inadequate ward and laboratory equipment and an over- 
worked staff Under these conditions in a certain number of the cases 
laboratory confirmation of the clinical diagnosis could not be had We 
fully realize that an absence of finesse possible in civil conditions may 
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well be a source of criticism of certain parts of our work and we wish 
publication made with that understanding- 

Meningitis is a medical emergency On prompt recognition and 
vigorous action the life or future wellbeing of the victim depends more 
than in almost any other acute disease In order to insure early diag- 
nosis, Lieut Col Kent Nelson, Division Surgeon, 81st Division, 
instructed the regimental surgeons to refer at once to the Base Hospital 
all men complaining of headache, fever, vomiting or other suggestive 
symptoms Thus an incomparable opportunity for study of the early 
stages of these and other acute diseases was offered 

Symptoms and Stgns — Meningitis is preceded by a stage showing 
symptoms and signs of a generalized infection This stage lasts from 
a few hours to three days — averaging about forty-eight hours A few 
patients with this meningococcus sepsis never develop meningitis 
These are usually either the abortive or the fulminating cases, rarely 
those with prolonged course Recognition of the stage of sepsis 
depends on two kinds of evidence (1) clinical, (2) bacteriologic 
Approximately one half of our cases were recognized in the premenin- 
gitic stage The clinical evidence of the incipient disease is, to the 
practiced observer, fairly definite, although for certainty laboratory 
confirmation is usually necessary Description of the early symptoms 
or signs follows \ 

The fever is rarely above 102 F — more often 99 to 101 The 
pulse IS relatively slow, with frequent vagal irregularities There is 
a characteristic attitude, manner and facies The patient is not exactly 
irritable, but is resisting, prefers to be let alone and lies on his side 
with thighs and knees drawn up, shielding his face with the coverings 
He is very sensitive to cold and resents exposure The responses are 
intelligent, but are given in as few words as possible and with the least 
effort The voice is not modulated , the muscles of expression are not 
brought into play The voice and expression are “far away ” There 
is a vacant look of apathy and dulness that is almost constant The 
veins of the temporal region and forehead are full, the eyeballs are 
tender, and cyanosis of the face is most common This is especially 
noticeable m the margins of the ears which are purplish m the region 
of the helix, antihelix and lingula, often with a sharp line of demarca- 
tion The pupils are almost always dilated A few cases show slight 
retinal edema with faint obscuration of the disk margins and fulness 
of the retinal veins 

In a large proportion of the cases there is an upper respiratory 
tract infection, a coryza, pharyngitis, tonsillitis, laryngitis , rarely bron- 
chitis , in four cases a pneumonia This respiratory involvement is so 
noticeable that it is more than a coincidence and demands careful 



CEREBROSPINAL MENINGITIS 


543 


hpRlL, 1918 


study This was noted in our preliminary report/ also by Medlai/ 
Mink/ Thomsen and Wulff The oral secretions are often viscid in 
the extreme, the tongue coated, the breath heavy 

The skin manifestations are most important Early there may be 
a more or less diffuse mottling, giving a lead-colored appearance 
Tdche ceiehiale is constant but of slight value in diagnosis A few 
cases, mostly of th? milder type, have shown a macular rash resembling 
early chickenpox or large rose spots This rash is often very puzzling 
and characterizes the less severe types The predominant skin sign is 
the petechial rash This appears about the shoulder or pelvic girdle 
if at all, next in order of frequency, over the trunk, extremities, face, 
oral mucosa, and conjunctiva We have not observed it in the retina 
It appears with astonishing rapidity in crops, and in some of the severe 
cases the patient may become well dotted within an hour The indi- 
vidual spots are typically petechial, the larger are raised above the skin 
surface, do not disappear on pressure, vary in size up to 1 cm in 
diameter and last about three days, leaving a pigmented stain In the 
presence of an epidemic, such a rapidly developing hemorrhagic rash 
IS diagnostic Purpura is a feature of the fulminating cases This 
purpura does not arise from the petechial spots, but is a separate lesion 
It develops with the greatest rapidity, and within a few hours consid- 
erable areas of the body surface may be covered 

Next to the rash, the reflexes give the most valuable early evidence 
of the disease In a word, there is an unequal enhancement of the 
deep reflexes The epigastncs, the knee jerks, the Achilles jerks, all 
tend to be exaggerated, AVith inequality In a study of the deep 
reflexes of the early stages of acute disease in our receiving wai d, such 
increased reflex irritability is found to be common m a variety of 
infections This increase, hoAvever, is uniform on both sides of the 
body The feature of the altered reflex irritability of meningococcus 
infection is the lack of uniformity of corresponding reflexes on both 
sides One case began with a picture resembling that of an acute 
articular rheumatism, another with that of an acute, purulent menin- 
gococcus conjunctivitis Slight chills are common Headache is 
present in about 85 per cent of the cases It is frontal or vertical, 
less often lower occipital, may be most se\ere, and is described as a 
sense of unbearable pressure or “bursting” It is important to note 

1 Herrick, W W Epidemic of Meningitis at Camp Jackson, Jour Am I\Ied 
Assn , 1918, 70, 227 

2 Medlar, E M Epidemic Cerebrospinal IMeningitis at Camp jMcClellan, 
Jour Am Med Assn , 1918, 70, 458 

3 Mink, C J Points in the Epidemiology of IMeningitis abstr , Joim Am 
Med Assn , 1916, 66, 463 

4 Thomsen, O , and Wulff, F ^leningococcus Infection and Meningitis 
Hospitalstidende, 1917, 60, 1192, abstr Jour Am !Med Assn, 1918. 70, 498 
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that rigid neck, Kernig, and Brudzinski are almost always absent dur- 
ing this stage 

The clinical suspicion aroused by any combination of two or more 
of the signs or symptoms enumerated demands lumbar puncture In 
the stage of sepsis, the spinal fluid is usually clear, shows in about 60 
per cent of the cases a slight increase in pressure, a normal number 
of cells, reduces Fehling’s solution, and may or may not show a trace 
of globulin Examination after long centrifugation and the evapora- 
tion on the slide of several cubic centimeters of the residue remaining 
after pouring off the supernatant fluid generally reveals one or more 
pairs of meningococci, almost always extracellular and variable in 
form and size As noted in our preliminary report,^ repetition of 
lumbar puncture within a short time often results m bringing down the 
organisms which, in our opinion, are first present in the cerebral-intra- 
spinal spaces and find their way into the lower spinal spaces only attei 
lapse of several hours By special methods recently published® Capt 
F W Baeslack, chief of the laboratory, has found meningococci by 
blood culture in this early stage in 36 per cent of the cases so examined 

Chnical types of meningococcus sepsis — Four types may be 
described — the abortive or atypical, the ordinary, the severe, the 
fulminating 

The abortive types These are mild systemic disturbances without 
local focus of suppuration Many of these patients have symptoms 
and signs of meningeal irritation They may present themselves with 
headache and vomiting, may show a stiff neck, a positive Kernig and 
increased reflexes, slight fever and evidence of infection of the uppei 
respiratory tract They do not have the rash The spinal fluid may 
be under increased pressure, but shows no abnormal elements and 
generally no meningococci The diagnosis depends on the clinical 
picture and the demonstration of the meningococcus m the spinal fluid, 
nasopharynx, conjunctivae or blood stream One of these patients 
who had evidence of meningismus showed an extraordinary high 
agglutinin titer of the blood The brevity of the duration of these 
cases IS surprising Within twenty-four hours most of them are well, 
rarely they lemain in bed forty-eight hours Their importance is 
naturally epidemiologic Doubtless in aflarge epidemic many such cases 
are undiscovered, being passed over as harmless, upper respiratory 
tract or other infections They are, therefore, a great menace to sus- 
ceptible contacts They prove the importance of careful study of 
e\ery case showing fever and any minor disturbances during the 
presence of an epidemic The atypical cases are of peculiar interest 
and vill be made the subject of a special report One of these took 

5 Baeslack F W , Bunce, A H , Brunelle, G C , Fleming, J S , Klugh, 
G F , McLean E H Salomon, A V Cultivation of the Meningococcus Int^- 
cellularis (M’eichselhaiim) from the Blood, Jour Am 2lled Assn, 1918, 70, 
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the f 01 111 of a subacute polyai tlintis with positive blood culture, a 
somewhat prolonged couise and a prompt i espouse to large doses of 
serum intravenously Recoier}’- was complete 

The ordinary type In these cases the symptoms of the geneial- 
ized infection usually last thiity-six to seventy-two hours They are 
as a rule, mild, the rash is usually slight and may be petechial or 
macular, never diffusely purpuric The evidence of meningitis devel- 
ops giadually, unconsciousness is rare, and the course may be pro- 
longed The chief emphasis is on the meninges These cases show 
the typical headache, stiff neck, positive Kernig and Brudzinski signs , 
alteied reflexes, irritability and the purulent spinal fluid Hydro- 
cephalus IS a considerable danger and the i espouse to intiavenous 
seium therapy is often less prompt than in the more severe types 

The severe type The stage of sepsis usually lasts from eight to 
forty-eight hours, duimg which there is evidence of severe toxemia 
Patients are depressed, uncommunicative and wish to be left alone 
The upper respiratory tract infection is frequent, with a viscid condi- 
tion of the oral secretions Fe\ei is rarely abo\e 102 F The feature 
of these cases is the petechial rash, which appeals with the startling 
rapidity described The patient is profoundly prostrated, and, as a 
rule, becomes unconscious before any evidence of secondary suppura- 
tive foci in the meninges or elsewhere can develop Polyarthritis is 
common in these serious types Death may occur before any such 
metastases arise Response to intravenous serum treatment is, as a 
rule, prompt The most brilliant results with this method are in these 
grave cases Few therapeutic experiences are so immediately satis- 
factory The patients often rouse from coma, the rash and other 
symptoms rapidly recede and within forty-eight hours many are appar- 
ently out of danger Intraspinous serum administration alone is usu- 
ally insufficient to check their downward progress Diagnosis in the 
premeningitic stage is usually possible The blood culture is generall}'’ 
positive 

Fulminating cases These are tragic in the extreme The patient 
IS overwhelmed with a toxemia and may die within a few hours One 
of our patients lived only four hours after onset of symptoms Another 
who suffered with a '‘cold” for three days went to bed at night with 
slight malaise and was found dead by his fellows early the next morn- 
ing These patients have a temperature of from 102 to 104 F , a 
rapid pulse, vomiting, delirium, the petechial rash, and, most charac- 
teristic of all, extensive purpura As a rule meningitis is not present 
Clinical evidence, which may or may not be definite, is readily con- 
firmed by blood culture or by demonstration of meningococci in the 
spinal fluid In some cases the spinal fluid obtained by lumbar punc- 
ture shortly before death has been negative, while that obtained from 
the lateral ventricles immediately after death has shown meningococci 
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This emphasizes the importance of our recommendation that lumbar 
puncture be repeated in doubtful cases to bring down the organisms 
for diagnostic purposes 

The complicaHons — The manifold complications of this epidemic 
have constituted a strong argument in favor of the view that the dis- 
ease IS primarily a sepsis The purulent character of many of these 
cases IS important After the symptoms of the generalized disease 
subside such complications may continue to act as a nidus of infection 
from which relapses may arise or a general toxemia result, retarding 
or preventing recovery Proper surgical or serum treatment of such 
a focus is of the greatest importance Nine patients had panophthal- 
mitis The infection reaches the eyes through the ciliary vessels, not 
the optic nerve sheaths The cornea becomes congested, the ins cloudy 
Soon the media become opaque, and within a few hours sight is lost 
The rapidity with which the entire organ is invaded and destroyed is 
a strong argument for the view that the infection is hematogenous 
Fortunately, but one of our patients suffered a bilateral panoph- 
thalmitis Enucleation has been performed in most of our cases with 
great improvement in the general condition of the patient The 
affected eye is a source of pain, of mental and nervous irritability and 
other evidence of toxemia On microscopic examination these eyes 
show meningococci in astonishingly large numbers Optic neuritis and 
retinitis are present in some degree in a large numbei of cases and are 
of value in early diagnosis Paralysis of the extrinsic muscles of the 
eye, most often those supplied by the sixth nerve, has been noted in 
SIX cases One of these was bilateral, five were transitory 

We have observed but one case of endocarditis This patient 
developed a relapse with dilated heart, a loud systolic murmur over 
the precordium, symptoms of sepsis and a positive blood cultuie At 
necropsy a few small fresh vegetations were found on the tricuspid 
valve The myocardium seems to suffer little The pulse rate is slow 
during the early stages, often rapid during convalescence There were 
SIX cases of dry fibrinous pericarditis One of these at necropsy 
showed the most extensive possible deposit of fibrin in masses, some 5 
cm in diameter, over the visceral and parietal layers Two cases 
exhibited pericardial effusion as a late complication One patient had 
a temperature ranging to 104 F One hundred and ten c c of bloody 
purulent fluid were removed, showing meningococci in pure culture, 
30 c c of meningococcus antiserum were injected into the pericardial 
sac with prompt relief of symptoms and disappearance of menin- 
gococci in the fluid subsequently aspirated Separate report will be 
made of these pericardial complications 

Pulmonary lesions are not at all uncommon Three patients showed 
at onset consolidation of part or all of a lover lobe, one a small pleural 
effusion from which meningococci vere grown 
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Arthritis has been quite a feature of the epidemic One case began 
as an apparent acute articular rheumatism, in two the arthritis pre- 
ceded the meningitis, in others this complication appeared late Arth- 
ritis in the stage of sepsis, is usually very painful, involves many 
joints, IS not accompanied by much -swelling or effusion, but shows 
local redness, heat and tenderness The picture is almost exactly that 
of acute rheumatic polyarthritis, but is more transitory The arthritis 
of the last stage is more generally monarticular, most often involving 
the knee, is purulent, accompanied by great swelling, but shows little 
redness and is only moderately painful It is striking that despite the 
presence of a large purulent exudate m knee joints in the late stage of 
meningococcus sepsis, there is little muscular spasm or limitation of 
motion on account of pain Repeatedly the meningococcus has been 
grown from the pus obtained in these joints Serum has frequently 
been injected directly into the knee joints with apparent benefit The 
prognosis of meningococcus arthritis, although a feature of the severe 
cases, is good and permanent disability is rare 

Otitis media has been common, none has required mastoid opera- 
tion At necropsy, the accessory sinuses of the nose are frequently 
found filled with pus which in a few instances contained meningococci 
There have been three cases of monoplegia Nine cases have shown 
epididymitis or orchitis This has not been suppurative and has sub- 
sided in a few days without apparent atrophy The postmemngitis 
cachexia is notable, although infrequent after intravenous therapy 
There is emaciation, a waxy pallor of the skin, anemia, irritability, 
apathy, weakness and vertigo, tachycardia, exaggerated reflexes In 
this condition it is of the highest importance to make a thorough phy- 
sical examination Often one of the complications enumerated above 
IS discovered Again, nothing can be found Usually such patients 
recover after a prolonged period 

Two cases have relapsed, one four weeks after convalescence, 
another, three weeks The second attack may be more severe than 
the first A special report of these relapsing cases will be made The 
fact of their occurrence lends discouragement to vaccine prophylaxis 
and other measures for the production of immunity 

A matter of highest importance is the recognition that epidemic 
cerebrospinal meningitis often occurs during the course of other acute 
diseases The meningococcus seems to flourish in a soil prepared by 
any organism or by any condition that will lower the general bodily 
tone A large number of our cases have developed during the acute 
stages or shortly after measles, pneumonia, otitis media, tonsillitis, or 
other infections of the respiratory tract This association deserves 
special emphasis Meningococcus infections 'as a complication of 
other acute diseases gives a confused clinical picture in many instances 



548 


W W HERRICK 


4RCH JNT 


The diagnosis here naturally depends almost entirely on the laboratory 
The clinical acumen must furnish the initial suspicion The change of 
condition, the fatigue of travel, of unaccustomed drill, homesickness 
and other new influences to which the recruit is subjected doubtless 
act in a manner similar to acute diseases in paving the way for menin- 
gococcus infections 

Neaopsy findings — Among the fifty-four deaths in this series of 
208 cases, thirty-one necropsies were performed Owing to an over- 
whelming amount of clinical work and limited equipment, it was 
impossible to examine all of the dead There was a remarkable dry- 
ness of the bodies Section of the muscles resulted in little or none 
of the oozing usually seen The peritoneum was often lustreless 
because of this lack of moisture The lungs in many cases were dry 
and shrunken The liver, spleen and kidneys, while enlarged in many 
instances, lacked the ordinary amount of fluid This dehydration 
explains the excessive thirst of so many patients and is the basis of 
our routine ward order that water be offered every fifteen minutes to 
those awake 

Captain Blakeslee in several cases demonstrated that the exudate 
was subarachnoid and not immediately subdural He has been unable 
to find necropsy evidence of suppuration about the cribriform plate of 
the ethmoid In none of our cases did the macroscopic appearance 
suggest extension of the process from this point 

The following is a summary of the findings Lack of lustre of the 
meninges without exudate, 1 , purulent exudate in the central nervous 
system, 26 , exudate localized in the vertex alone, 7 , in the base alone, 
3, vertex and base, 16, in the lateral ventricles, 10, parietal region 
alone, 5 , occipital region or cerebellum alone, 0 , congestion of men- 
inges without exudate, 5 , adhesion of meninges to cortex, 6 , blocking 
of foramen magnum or ventricles, 6 The choroid plexus was in most 
cases congested and in more than half the number cystic Eleven 
showed petechiae m the skin, 10, purpura Diffuse purpura was not 
seen in the serous membranes, viscera or muscles One case having 
athetoid and convulsive movements of the left side before death 
showed a large hemorrhage in the right Rolandic area with multiple 
small hemorrhages throughout the subcortical areas of cerebrum and 
cerebellum Petechiae are frequent on both visceral and parietal sur- 
faces of the pericardium and peritoneum Four had conjunctival 
petechiae Heart hypertrophy, 1 , dilatation, 1 , acute vegetative endo- 
carditis (tricuspid), 1, pericarditis, fibrino-purulent, 4, sero-purulent, 
4 Pleurisy was present in 8, lobar pneumonia in 2, bronchopneu- 
monia in 8, lung congestion in 7, abscess in 1 The spleen was 
enlarged in 22 cases, normal in size 4 , in 5 it was not examined Kid- 
ney cloudy swelling, 10, congestion, 10 Adrenal congestion, 1 



APRIL, ms 


CEREBROSPINAL MENINGITIS 


549 


Liver, enlarged and congested, 17, showing cloudy swelling and fatty 
change in 5 Peritonitis, 1 Suppurative choroiditis, 3 

Treatment — Based on the conception that the disease is in its early 
stages a generalized meningococcus sepsis which can be recognized 
before meningitis or other complications develop, the serum treatment, 
as established by Jochmann, Flexner and others has undergone modi- 
fication at our hands Instead of attacking a metastatic focus of 
infection in the meninges, we have sought to reach the organism during 
the stage of systemic invasion by intravenous serum therapy This 
measure was at first tried as one of desperation in an attempt to save 
the life of a member of the staff of the Base Hospital who was stricken 
with a serious type of the disease Success led us gradually to develop 
the present' method Having no standard criteria of such treatment, 
we have felt our way gradually until, with an experience of over 100 
patients treated intravenously, we believe that a safe and satisfactory 
method has been worked out Not only does clinical observation seem 
to justify the method to be described, but statistical study of cases 
tieated by various methods shows that with the newer' forms of treat- 
ment there is a decrease in mortality Treatment in this epidemic has 
passed through three phases, the first phase, of intraspinal therapy 
alone, the second, of intraspinal combined with timid intravenous 
therapy , the third, of bold intravenous treatment combined with liberal 
drainage of the spinal fluid and the use of a considerable, though as a 
rule, a small amount of serum intrathecally 

On admission a patient presenting a combination of the early symp- 
toms mentioned is subjected to lumbar puncture If the spinal fluid 
IS cloudy) enough is removed to reduce the intraspinal pressure to an 
approximate normal and a less amount of serum is at once allowed to 
run into the spinal canal If the spinal fluid is clear, no intraspinal 
injection is made The fluid is rushed to the laboratory in a thermos 
container and immediately examined Meanwhile the patient receives 
a desensitizing dose to determine sensitiveness One hour later 50 to 
120 cc are administered by vein, the first 15 cc at the rate of 1 cc 
per minute Large glass syringes are best for this, as the flow is easily 
controlled and a cumbersome arrangement of tubes and stopcocks is 
not necessary In a case of ordinary severity this intravenous dose 
IS repeated every twelve hours until the temperature becomes normal, 
or until SIX or eight injections have been given In severe cases the 
serum is repeated every eight hours until the desired results are 
obtained In fact, the size and frequency of intravenous serum doses 
IS very like those advised by the group of workers in the Rockefeller 
Institute m lobar pneumonia of the appropriate type 

We have seen no ill effects from these large amounts of meningo- 
coccus antiserum In a retrospect of the epidemic, our regrets are that 
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SO many cases received doses too small If given at all by vein, the 
serum must be boldly used Study of Class B cases would seem to 
show that small amounts may have even a harmful eftect It is our 
belief, however, that this is not the case In a few cases the tempera- 
ture IS seemingly not influenced by the intravenous injections In such 
the type of serum is changed, an interval df about forty-eight hours is 
allowed to elapse and another series of doses given So soon as men- 
ingitis develops the usual intraspmal injections are given and repeated 
about once in twenty-four hours for a varying number of days until 
the organisms disappear from the spinal fluid and lymphocytes make 
their appearance m numbers With large intravenous injections of 
serum the meningococci, as a rule, disappear from the fluid within 
twenty-four to forty-eight hours and repeated intraspmal serum 
administration is not deemed necessary The greater our experience 
m intravenous serum therapy m this disease, the moie have we 
attempted sterilization of the blood by massive doses of serum, par- 
ticularly m the early stages when the positive blood culture and the 
clinical picture indicate a generalized hematogenous infection When 
meningitis is established, this treatment is supplemented by repeated 
spinal drainage, puncture usually being done about half an hour after 
the intravenous injection Serum is introduced into the spine in 
amount sufficient to relieve the severe headache which may follow such 
drainage It is our idea that by thus draining the spinal canal consid- 
erable antibody maj'’ escape from the blood stream into the upper mtra- 
spmal spaces through the choroid plexus Experimental and clinical 
study of this point is m progress 

It is possible to overdo treatment Some of the more prolonged 
cases, even when meningococci persist m the spinal fluid, do better or 
even recover promptly when all treatment is stopped This is espe- 
cially true of the cases that have little fever and m which the serum 
seems to act as an irritant giving rise to headache, delirium and 
increased opisthotonus Other treatment is not neglected Second m 
importance to serum is morphm, which should be freely used, especially 
m the early stages Chloral and bromid are of minor help m control- 
ling symptoms Nervous patients are given opiates, with or without 
chloroform, before puncture is made No patient is forcibly restrained 
during puncture Large amounts of fluid and liberal nourishment are 
provided 

Table 1 shows that the total mortality of the entire series of 208 
cases is 26 per cent In the 129 cases treated by intraspmal methods 
alone or with intravenous serum doses of 10 to 45 c c , it is 31 7 per 
cent , in 79 treated by larger amounts of serum mtra^enously and 
a\ erage or smaller amounts mtrathecally, 16 4 per cent The mild 
cases do well by either method of treatment It is m the severe tj'pes 
that the mtra\ enous methods give the most striking results Sixty-two 
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TABLE 1 — Epidemic Cerebrospinal Meningitis 
March 4, 1918 208 Cases 



KEY TO TABLE 

Class A Cases having mtraspmal serotherapy alone 

Class B Cases having the usual intraspinal serotherapy and small amounts (10 c c fo 
■15 c c ) of serum Intravenously 

Class C Cases treated vith large amounts of serum intravenously with average or 
small amounts intraspinally 

1 ilild cases 

2 Severe cases 

a Cases with early diagnosis (recognized before the spinal fluid became cloudy) 

b Cases with later diagnosis (recognized after the spinal fluid became couldy) 

and five-tenths per cent of the serious cases in Classes A and B died , 
18 5 per cent of corresponding types in Class C Another important 
efitect of intravenous therapy is the apparent reduction in number of 
complications, 31 per cent of Class A and B cases showed important 
complications , 14 per cent of Class C 

It may be argued that Class C cases were those from the later 
stages of the epidemic when the meningococcus might have lost some 
of its virulence and that the results of intravenous serotherapy are 
therefore, not better than might have been reached with older methods 
The possibility is admitted, but is not considered by us a probability 
Clinically the cases studied in the later phases of the epidemic seemed 
about as severe as those seen earlier One of the last of our deaths 
was a fulminating case with purpura 

Table 2 shows certain facts of interest It is, hov e\ er, misleading 
in that the Class C cases would appear to have recen ed the most actn e 
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intraspinal treatment It is to be borne in mind that report is made 
of the development of a method rather than of the method itself This 
development extended throughout four months of a large epidemic and 
a sharp line of separation between various phases of this development 
is not possible The tables do not, therefore, nor do the descriptions, 
represent the final method adopted or its results In a future publica- 
tion it IS planned to take this up in detail Table 2 is proof that intra- 
spinal treatment has not been neglected, but it does not correctly 
indicate the amount of serum given by vein or spine in the fully devel- 
oped combined method In order to avoid too detailed classification 
we have arbitrarily placed every case receiving more than 50 c c of 
serum by vein in Class C Most of our patients are now given from 
200 to 600 c c by vein and a lesser average amount intraspinally than 
the table indicates It is important to note thd shorter period of fever 
and the earlier average disappearance of meningococci from the spinal 
fluid in Class C It is a common experience to have organisms dis- 
appear from the spinal fluid after the first or second massive intra- 
venous serum injection The laboratory workers made special remark 
of this fact when such treatment began to be used freely 


TABLE 2 — Summary of Classes A, B and C 


Class 

Average 

Number 

Spinal 

Funct 

ures 

Average 
Amount 
Spinal 
Fluid Out, 
Cc 

Average 
Amount 
Serum 
in Spine, 

Cc 

Average 
Amount 
Serum 
m Veins, 

Cc 

Average 

Duration 

of 

Fever, 

Days 

Average 
Duration of 
Meningococci 
in Spinal 
Fluid, Days 

A and B 

46 

180 2 

110 5 

38 

1 

! ^ 

55 

0 

72 

279 5 

138 4 

151 

7 3 

31 


Ventricular puncture was not done The rapidity with which for- 
mation of spinal fluid occurs makes a single puncture of one ventricle 
rather futile The anatomic situation found at necropsy bears out this 
impression The effect can be but brief and the operation is one of 
some magnitude First Lieut S A Cobb, M R C, has devised a 
method of starting the flow in cases in which it is impossible to secure 
more than a few drops of thick fluid in patients beginning to show 
signs of blocking of foramina Chloroform is given, relaxing spasm 
of the neck muscles Lumbar puncture is then done and the head 
manipulated with the idea of breaking up adhesions that may be form 
ing about the foramen magnum and floor of the fourth ventricle 
Necropsy study has shown that it is possible to achieve appreciable 
mobility of the region The method is often successful m starting the 
flow and in one instance brought about resumption of respiration when 
this function had ceased In this case life was apparently saved Lib- 
eral drainage in the cases ivith prolonged course, and the use of Lieu- 
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Key to Tabulation of Meningitis Cases in Table 3 
Class A Cases having intraspinal sei otherapy alone 

Class B Cases having the usual intraspinal serotherapy and small amounts, 
10 c c to 45 c c of serum intravenously 

Class C Cases treated with large amounts of serum intravenously with aver- 
age or small amounts intraspmally 

1 Mild cases 

2 Severe cases 

a Cases with early diagnosis (recognized before the spinal fluid became 
cloudy) 

b Cases with late diagnosis (recognized after the spinal fluid became cloudy) 
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TABLE 3 — ^Data of 208 Cases — 


Dlass 

No 

Name 

Duration of Pever, Days 

Developing During 
or After 

Symptoms During Onset and Course 
of Disease 

No Showing Im 
portant Comp 

A Pneumonia 

B Mumps 

0 Measles 

D Others 

1 Headache 

2 Nausea 

3 Vomiting 

4 Chills 

5 Delirium 

C Convulsions 

u 

o 

> 

o 

0 

01 

D 

CO 

9 Arthritis 

10 Coryza 

11 Sorethroat 

12 Pneumonia 

13 Cough 

14 Unconsciousness 

15 Eruption 

16 Backache 

A Panonhthalmitia 

B Arthritis. Mono 

> 

O 

u 

u 

4^ 

< 

0 Paralysis, elsewhere 

Ala 

1 

Clary 

18 




Otitis E 

+ 


+ 



1 

105 3 


1 

+ 

+ 










1 

2 

Grubb 

6 





+ 





■ 

99 2 


1 













3 

Hickey 

9 





+ 


+ 



1 

100 2 


1 







+ 






4 

Hunter 

6 






+ 

+ 



■ 

■nisi 


■ 



1 



+ 







5 

Hooks 

13 





+ 

+ 

+ 

+ 



99 6 

84 

+ 






+ 







6 

Hendrix 

9 




Otitis R 

+ 






Heail 

78 










7 

Haivkins 

8 





+ 



+ 



102 0 

126 







+ 

+ 






8 

Wall 

0 





P+ 






98 2 

Rilil 














9 

Wood 

3 





P+ 






102 4 

122 








+ 






10 

Couch 

1 





P+ 


+ 




104 0 

116 








+ 






11 

Harris 

72» 

+ 

+ 

+ 





+ 



98 0 

78 











+ 



12 

Watkins 

9 





+ 


+ 




98 0 

74 








+ 






13 

Allen 

0 





+ 


+ 




99 2 

90 














14 

Epes 

2 





0+ 






100 2 















15 

Green 

7 

+ 


+ 








1010 

100 


+ 

+ 





+ 




Deltoid 


16 

Smith 

2 











96 0 















17 

Gone 

2 





P+ 



+ 







+ 








+ 



18 

Crook 

8 








+ 



102 8 

83 














19 

Marler 

4 





+ 


+ 

+ 



100 3 

Hin 














20 

McNamara 

9 




Tonsilhtis 







97 4 

98 



+ 











21 

Davis 

6 







+ 




102 0 















22 

Moser 

0 



+ 








97 0 

72 







+ 







23 

Bethea 

4 





p+ 






100 2 

98 



+ 











24 

Ponds 

6 



+ 


+ 






99 0 

86 







+ 







25 

Blue 

4 





p+ 






105 0 

96 














26 

Eoynolds 

2 







+ 




98 0 

94 



+ 











27 

Selfl 

14 


+ 









97 0 

72 






+ 








28 

Moody 

23 








+ 



100 0 

92 








+ 






29 

Delameter 

5 





+ 

+ 

+ 

+ 



101 8 

72 













1 

SO 

Armfleld 

2 





p+ 







76 














31 

Mariam 

9 





+ 






BTixiS 














1 

32 

Williams 

3 





p+ 



+ 



101 2 





+ 










33 

Turner 

12 




Tonsillitis 

+ 






104 0 

Bififl 



+ 











34 

Gulley 

9 



+ 


F+ 






98 4 

64 














35 

Larke 

0 





4- 






98 8 

*75? 














36 

Lohse 

2 











1031 
















Total 


2 

2 

6 

4 

28 

3 

11 

1 

n 




1 

2 

7 

1 

0 

2 

6 

9 

0 


3 

1 



Average 

6 












90 













Alb 

1 

Bowden 

2 



+ 

+ 

P + 

+ 





101 4 

96 







+ 

-h 







Tilley 

21* 





0+ 

+ 

+ 




996 

84 














3 

Taylor 

13 



+ 


0+ 

+ 


+ 



108 0 

92 







+ 







4 

Thorn 

4 


+ 



F+ 






100 0 

90 







+ 







5 

Graham 

5 





P+ 


+ 

+ 



1012 

72 














6 

Rose 

1 


+ 



+ 






102 0 

92 







+ 








Bass 

5 





H- 






100 4 

90 















Warrenfells 

3 





+ 


+ 

+ 



100 4 

90 















Peezell 

4 





+ 



+ 

+ 

+ 

970 

90 















Harrelson 

3 





+ 


+ 




103 0 

100 








+ 







Mitchell 

9 





+ 



+ 



100 4 

72 







+ 

+ 






12 

Burton 

27 



+ 


-H 


+ 




100 2 

90 














13 

Crowell 

4 



+ 


+ 


+ 




100 4 

88 














14 

Bail 

0 





+ 






93 0 

76 






+ 








15 

Garland 

2 


+ 



p+ 






100 2 

92 














16 

Slayton 

3 





+ 






93 0 

78 







+ 







■I 

Boyd 

1 



+ 


+ 






974 

74 



+ 




4" 








■ 

Total 



i 

i 



i 

1 

1 

1 

1 



m 

m 

1 

E» 

0 

1 

9 

3 

0 

0 

0 

0 


■ 

Average 

6 

1 

1 

1 



1 

1 

1 

1 

I 


90 

1 

j 

_ 

_l 

_ 

_ 

- 





— 

-- 




ReBescs iN means normal, -i- means exaggerated, ++ means hyperactive +++ means very hyperac i 
Il>Ij means right greater than left, 0 means absent 
• Other cause for fever 
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Number Showing Impor 

Serum ElTects 

Eefle\es (On Admittance) 
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tant Complications 
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TABLE 3 — Data of 208 Cases of — 


Class 

No 

Name 

Duration of Fever, DaiS 

Developing During 
or Alter 

Symptoms During Onset and Course 
of Disease 

No Showing Im 
portant Comp 

A Pneumonia 

B Mumps 

C Measles 

D Others 

1 Headache 

d 

o 

tn 

9 

r 

tfl 

B 

a 

o 

> 

CO 

4 Chills 



Ph 

u 

V 

»> 

t- 

8 Pulse 

9 Arthritis 

10 Coryza 

11 Sorcthroat 

12 Pneumonia 

13 Cough 

14 Unconsciousness 

15 Eruption 

o 

-§ 

c- 

V 

a 

n 

o 

1-4 

a 

1 

"c 

45 

•4>a 

45 

P 

O 

P 

a 

Ah 

< 

c 

p 

c 

*n 

£ 

u 

< 

W 


o 

u 

o 

45 

? 

o 

ui 

iS 

*3 

u 

CJ 

PM 

0 

A2a 

1 

Williams 

9 











100 3 


1 

f 

jai 

r 

. r 

r 

ys 

r 

ta 

e 

+ 



1 



2 

Lynn 

14 


+ 



4* 




+ 


98 0 

96 

1 




+ 

+ 








3 

Clinton 

D 











974 

74 

1 













i 

Skelton 

2D 





+ 






102 0 

94 

1 





+ 

+ 







5 

EUis 

D 











107 0 

156 

■ 





+ 

+ 

+ 






6 

Murphy 

D 



+ 


4“ 






101 0 

120 

1 





+ 

+ 







7 

Sells 

D 



+ 


4^ 






103 0 


1 


+ 





+ 






8 

Evans 

D 



+ 


p+ 




+ 


100 3 

80 








+ 

4- 





9 

Packs 

D 





F+ 




+ 


103 2 

100 





+ 

+ 

+ 

+ 






10 

Westfield 

3 





+ 


+ 

+ 



102 0 

92 






+ 

+ 







11 

Frost 

D 



+ 


+ 






992 

84 


+ 



+ 



+ 






12 

Hill 

D 



+ 








■nsEi 

84 





+ 









13 

Buchanan 

D 









+ 


104 2 

104 



+ 



+ 

+ 







14 

Meyers 

D 





P+ 


+ 

+ 



102 4 

104 














15 

Bean 

D 









+ 


103 4 



P 

Jri 

lur 

a 

4* 

+ 

+ 







Total 



E 



10 

0 

2 

2 

5 

0 



0 

2 

2 

0 

4 

8 

7 

7 

1 

0 


0 



Average 

9 


1 









102 5 

95 













A2b 

1 

Rich 

19 









+ 


98 0 







+ 

+ 







2 

Melden 

D 









+ 


100 2 

92 






4- 

+ 





Facial 


3 

Cochran 

IS 





4- 





+ 

96 8 

98 











4- 

4- 


4 

Sullivan 

40* 




Tonsillitis 


+ 

+ 

+ 



99 0 

86 






+ 



4- 





5 

McMillan 

19 





F+ 


+ 




99 2 

112 






+ 

+ 







6 

Cook 

42* 





P+ 

+ 

+ 

+ 



1010 

100 






+ 

+ 




4- 



7 

Smith 

i 








+ 

+ 


98 0 

64 


+ 












8 

Thomas 

9 











98 6 

104 














9 

Farrell 

5 


+ 





+ 


+ 


994 

84 






4- 








' 10 

Port 

47D 





+ 






103 2 

108 





+ 









11 

Weathers 

4D 











100 8 

68 






+ 








• 12 

Lee 

D 





4- 






103 0 

104 








+ 







Greener 

D 



+ 


+ 






1010 

100 




4- 



+ 







1 14 

Gibson 

3 





0+ 



+ 

+ 


100 0 

lOO 














15 

Moseley 

D 





F+ 






98 0 

100 







4- 







16 

Harmage 

D 











102 5 

104 














17 

Page 

D 



+ 








98 2 

106 














18 

Josey 

4 



+ 




+ 

+ 



1012 

90 



+ 


+ 

+ 

+ 

+ 






19 

Ward 

D 



+ 








103 6 

lOO 




4- 

+ 

+ 








' 20 

Denson 

D 







4- 


+ 

4- 

98 8 

100 






+ 

+ 







1 21 

Sumner 

D 









4- 

+ 

99 8 

104 














22 

Fringer 

23 





4- 






101 6 

76 







+ 




4- 



23 

Mattheavs 

7 





0+ 

4* 





99 0 

80 














24 

Womack 

14 





+ 


+ 




100 8 

88 








+ 

4- 






Total 


0 

1 

4 

1 

19 

3 


6 

7 

3 



0 

1 

■ 

2 

4 

10 

s 




3 

1 



Average 

9 







1 




100 0 

100 


1 

1 




1 

1 

1 





Bla 

i 1 

Gnsson 

3 



+ 


_L 


1 




98 0 

72 



1 




4- 







2 

Fletcher 

2 


+ 



F+ 


+ 




103 0 

94 







+ 







' 3 

Pierce 

5 



4* 


+ 


+ 




104 0 

110 















CreavB 

15 





4* 


4- 

4- 



102 0 

116 







+ 


4" 





1 5 

Williamson 

3 











98 0 

76 








4- 


4- 




, 6 

Pennington 

5 





r+ 


+ 




98 8 

84 



+ 


+ 









1 V 

tjgg^gyjiillllllHiiHllil 

2 



1 

f 


F+ 

+ 





102 0 

120 












- 



1 Total 

i 

0 

1 

2 

0 

6 

1 

4 

1 

m 


warn 


m 


1 

m 

3 

0 

3 

1 

1 

1 

0 



! 

! 

1 Average 

1 ^ 


i 

I 

l_ 








102 0 


_ 



J 

i 

_l 






— 

_1 
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— Cerebrospinal Meningitis — (Continued) 



I Olonus 

1 Photophobia 









































TABLE 3 — Data of 208 Cases of — 



Bib 1 Buzzard 

? Xetehworth 
3 Brademeyer 
i Millwood 
5 Stillwell 

1 Total 
Average 



Total 

Average 




Borden 


Thomas 


12 

13 

14 

15 I Chandler 
10 1 Culpepper 

Anderson 


Castles 
20 1 Adams 

I Total 
Average 


Fleming 

2 Bath am 

3 Davis 

4 Hilner 

5 Staley 
0 Bayton 

Moore 
Thacker 

Galloway 
10 Bray 


Breaux 

CarkhulT 

Arrants 

Fletcher 


Total 

Average 



Developing During 

Symptoms During Onset and Course 
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tenant Cobb’s method when drainage is slight and symptoms persist 
with occasional intravenous injections of serum have given us the most 
satisfactory results in these difficult cases 

It has not been found necessary to follow the blood pressure either 
during withdrawal of spinal fluid or while giving serum mtraspmally 
In many hundred lumbar punctures and serum treatments no serious 
symptoms were obser\ed The well known serum effects were noted 
but do not require description Only one case showed serious 
anaphylaxis 

Visitors to the wards where the patients are treated by the methods 
described remark on the absence of delirium and of the lack of sub- 
acute and chronic cases with cachexia, delirium, hydrocephalic cries 
and the distressing picture of the prolonged cases In a large number 
the nutrition suffers little Some patients with stormy onset ask to 
be allowed up and about on the fourth day There is an am of cheer- 
fulness and optimism about the patients, reminding one of a conva- 
lescent surgical ward The proof of the value of this therapy is found 
in the shortened course, the diminished number of complications the 
greater comfort of the patients, the prompt disappearance of meningo- 
cocci from the spinal fluid and the decreased mortality 

CONCLUSIONS 

1 A camp epidemic of 208 cases of cerebrospinal meningitis is 
reported 

2 The disease is in most, probably m all, instances a primary men- 
ingococcus sepsis with usual, but not necessarily universal, secondaiy 
meningitis 

3 The diagnosis can be made in at least 50 per cent of the cases in 
the premeningitic stage of sepsis 

4 Treatment by large amounts of antimemngococcus seium intra- 
venously, combined with active spinal drainage and mtraspinal oeiuin 
administration, has reduced the duration of the disease, the number 
and seventy of complications and the mortality 

Acknowledgment is heartily given Capt F W Baeslack, M R C , who with 
his staff has done invaluable work in the laboratory without which the clinical 
work of this epidemic could not have been carried out Captain Baeslack’s impor- 
tant contribution will be reported separately “ 

Capt George A Blakeslee, M R C , has made neurologic observations, the 
necropsies, and has had general supervision of therapy To his careful attention 
to details and valuable suggestion much of the therapeutic success is due A sepa- 
rate report of the neurologic aspect of the epidemic will be made by him 

To the officers who from time to time have served on the Meningitis Squad 
acknowledgment of skilled and devoted service is made, Capts D L Walker, 
H S Fincke and E W Barron , First Lieuts B Lattin, G M Parkhurst, Q H 
Barney, A M Dannenburg, L H Taft, F W Rogers, R C Davis, S A Cobb 

I am indebted to S A Cobb and R C Davis, First Lieutenants, M R C, 
for the accompanying tabulation of the epidemic 
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Book Review A Textbook of the Pr\ctice of Medicine, by James M Anders, 
M D , Ph D , LL D , Professor of Medicine and Clinical Medicine, 
Medico-Qiirurgical College Graduate School, University of Pennsylvania, 
Thirteenth Edition Thoroughly Revised with the Assistance of John H 
Musser, Jr , M D , Associate m Medicine, University of Pennsylvania 
Octavo of 1259 pages, fully illustrated Philadelphia and London W B 
Saunders Company, 1917 Cloth, $6 00 net , Half Morocco, $7 SO net 

This is essentially a textbook of internal medicine and diagnosis and as 
such will be welcomed by both medical students and practitioners 

The present, thirteenth, edition has been thoroughly revised, and several sub- 
jects entirely rewritten, and the presence of a thirteenth edition is sufficiei t 
to prove that it has met the requirements of the profession In general the work 
IS carefully compiled and up to date, convenient for reference and presents the 
material in an accessible form, being concise, and at the same time sufficiently 
elaborate for students 

The authors have been successful in their effort to correlate pathology and 
morbid physiology with the clinical and therapeutic aspects of disease and 
throughout the book emphasized the necessity of recognizing the interdepen- 
dence of the two phases In addition to a section on “Diseases of the Nervous 
System," there has been added a wealth of modern material on focal infection, 
kidnej' function tests, asthma, acidosis in diabetes, anaphylaxis of food and 
many other subjects 

Particularly useful are the diagnostic tables with the stated aim of giving 
a practical working knowledge of contrasting features that present points of 
similarity at the bedside The authors further emphasize the difference between 
causal and symptomatic treatment of disease, recognizing the importancp of 
each, yet maintaining a distinction between the two 

The subject matter is arranged m systems, as Infectious Diseases, Diseases 
of Metabolism, Diseases of the Respiratory System, etc , and each topic is dis- 
cussed under the headings of Definition, Pathology, Etiology, Clinical History, 
Complications, Diagnosis and Differential Diagnosis, and Treatment, with 
numerous historical notes 

The plates, charts and illustrations are good but rather meager, and while 
a work of this sort cannot be profusely illustrated, there are many points at 
which an added illustration would be of great assistance to the student Nothing 
has been overlooked to make the book thorough and accessible, even to anticipat- 
ing the student’s habit of underlining by very successfully italicizing the key 
words throughout 


The Archives of Internal Medicine 


Vol XXI 


MAY, 1918 


No 5 


EXPERIMENTS ON THE VASOCONSTRICTOR ACTION 

OF BLOOD SERUM > 

THEODORE C TANEWAY, MD, HENRY B RICHARDSON, MD, 

AND 

EDWVRDS \ PARK, MD 

BXLTIMORC 

PART 1 
INIRODUCTIOX 

The power of blood aftei clotting or defibrination to constrict blood 
vessels, as evidenced b} its action on perfused organs or on the excised 
arterial strip, has been fiequently obsert'ed and to some extent studied 
as to Its nature and origin The work here presented has shaped itself 
into a study of the \ asoconstrictor substance in relation, first, to 
unclotted blood second, to the cellulai and noncellular elements of the 
blood, third, to certain biologic, physical and chemical reactions, and 
lastly, to the process of coagulation The literature will be reviewed 
in much the same older External events have brought the work to a 
close while it was in many respects incomplete, ne\ertheless we feel 
justified in recording it as it stands It was suggested by the work of 
two of us^ in 1912 and certain of the conclusions as to the origin of the 
A asoconstrictor substance from blood platelets and its ability to resist 
heat or pass through a celloidin membrane were ariived at indepen- 
dently, although a more thorough search of the literature revealed 
previous work on the same points 

LITERATURE 

The stimulating action of blood seiuin, or defibnnated blood, on the 
arterial wall has long been known As early as 1869 Ludwig and 
SchmidF on perfusing the muscle of the dog, encountered an unex- 

* Submitted for publication March 1, 1918 

*From the Medical and Pediatric Departments of the Hunterian Laboratory, 
Johns Hopkins University 

*The experiments described in this article were terminated before comple- 
tion because Drs Janeway and Park entered on war duties The paper was 
written by Dr Richardson All of the writing except Part III was supervised 
by Dr Janeway before his death 

1 Janeway, T C, and Park, E A Jour Exper Med, 1912, 16, 541 

2 Ludwig, C, and Schmidt, A Arb a d phvsiol Anstalt z Leipzig, 

1868, p 1 
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pected resistance to the flow of defibnnated blood Five years later 
Mosso/ on beginning to perfuse the kidney of the dog, found that the 
defibnnated blood used failed for several minutes to flow These 
observations were confirmed by a number of observers, including 
Bernstein,^ Pfaff and Tyrode,® Battelli,® and others to be mentioned 
They used a variety of preparations, including all manner of perfused 
organs, as well as the excised strip of ox artery developed by Meyer 
Two mam explanations for the phenomenon were given Stevens and 
Lee® and Brodie® attributed it to some substance formed during coagu- 
lation, whereas Meyer, Schlayer,^® and Broking and Trendelenburg^^ 
attributed it to epmephnn 

This question was settled mainly by O'Connor,^^ who first tested 
the serum by means of a pair of biologic preparations, the first of which 
reacted to epmephnn by constriction, the second by relaxation Such 
a pair was the frog perfusion preparation and the excised segment of 
rabbit intestine Serum proved to constrict both, and further, resisted 
procedures calculated to destroy epmephnn Moreover, by comparing 
plasma with the corresponding serum, O’Connor was able to demon- 
strate that the “substances which simulate epmephnn get into the 
blood during the process of clotting ”* Investigation of plasma from 
the peripheral circulation by the same method failed to give evidence 
of epmephnn Very shortly afterwards Steward® recommended a 
similar pair of test objects and by the use ot them was led to the con- 
clusion that “no evidence is obtained of the presence of adrenilm 
[epmephnn] m detectable amounts m normal blood taken fiom the 
general circulation ” 

The work of O’Connor is also m accord with the observations men- 
tioned of Stevens and Lee® and of Brodie® as to the relation between 
coagulation and the production of vasoconstrictor power It was con- 

3 Mosso, A Arb a d physiol Anstalt z Leipzig, 1874, 9, 156 

4 Bernstein, J Pfluger’s Arch f path Anat , 1877, 15 , 575 

5 Pfaff, F, and Vejnx-Tyrode, M Arch f exper Path u Pharmakol, 
1903, 49 , 324 

6 Batelh, F Jour de physiol et de path gen , 1905, 7, 625, Idem p 651 

7 Meyer, O B Ztschr f Biol , 1906, 48, 352 

8 Stevens, L T , and Lee, F S Studies Biol Lab , Johns Hopkins Univ , 
1884, 3, 99 

9 Brodie, T G Jour Physiol , 1903, 29 . 266 

10 Schlayer Deutsch med, Wchnschr , 1907, 33 , 1897 

11 Broeking, E, and Trendelenberg, P Deutsch Arch f khn Med, 1911, 
103 , 168 

12 O’Connor, J M Munchen med Wchnschr, 1911, 58, 1439 Ibid, Arch 
f exper Path u Pharmakol , 1912, 67, 195 

13 Steuart, G N Jour Exper Med, 1911, 14 , 377 

*This and following quotations from foreign journals are translations made 
by H B R 
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firmed, at least in pait, by Trendelenburg^^ Schultz,^'’ m studying 
another problem, obtained the same result, winch has since been con- 
firmed by a number of observers Stewart,^® using a properly chosen 
pair of biologic test objects, failed to find evidence of epinephrm in 
human serums Stewart and Harvey’^" confirmed O’Connor’s results 
in regard to the formation of the vasoconstrictor substance during 
coagulation, and, moreovei, demonstrated its power to constrict the 
coronary as well as the peripheral arteries Janeway and Park,^ using 
parallel preparations of carotid and coronary, were able to “confirm 
completely the conclusion of O’Connor, Stewart, and Schultz, that the 
vasoconstrictor substance found in blood serum was not epinephrm ” 
They observed no effect due to uncoagulated blood of ox or rabbit 
Further, “the examination of uncoagulated blood from six persons 
with high blood pressure failed to show the presence of epinephrm or 
other constricting substances ” 

The vasoconstrictor substance of serum is therefore not epinephrm 
Further proof to this effect is furnished by the experiments in which 
apocodem prevented the vasoconstrictor action of epinephrm, but not 
that of serum For example, BattellP states that apocodem retards, 
but does not prevent, the action of the “vasoconstrictmes” of serum 
Stewart and Han^ey^" noted that a dog’s kidney, after perfusion with 
apocodem in sufficient concentration to destroy its sensitiveness to 
epinephrm, still reacted by diminution of flow to boiled serum The 
like was found by Kaufman^® to be true of the perfused ear of rabbit 

The explanation of the origin of the vasoconstrictor power of 
serum was more closely approached by Stewart and Zucker^® m their 
exhaustive study on serum as compared to plasma and other body 
fluids on various biologic preparations Of these the frog perfusion 
preparation and the excised arterial strip gave little or no reaction to 
citrated plasma and a marked constrictor action to serum to which 
citrate had been subsequently added Between herudm plasma and 
serum to which herudm had been added there was a difference “not so 
strongly marked as m the case of the citrate material ” They con- 
cluded that the vasoconstrictor property is developed during the proc- 
ess of coagulation, and “not mainly” m connection with the actual 
change of fibrinogen to fibrin, and is associated with changes under- 
gone probably by formed elements of the blood when it is shed 

This last conclusion leads to the relation between the vasocon- 

14 Trendelenberg, P Munchen med Wchnschr , 1911, 58 , 1919 

15 Schultz, W H Bull 80, Hyg Lab , U S P H and M -H S , 1912, p 37 

16 Stewart, G N Jour Exper Med, 1912, 15 , 547 

17 Stewart, H A , and Harvey, S C Jour Exper Med , 1912, 16 , 103 

18 Kaufman, P Zentralbl f Physiol , 1913, 27, 527 

19 Stewart, G N, and Zucker, T F Jour Exper Med, 1913, 17 , 152, 
Ibid , 1913, 17 , 174 
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Stricter action of serum and the formed elements of the blood On 
page 172 of the article cited Stewart appends a footnote, “Since this 
was written we have found that extracts of platelets obtained from 
citrate blood, the plasma of which is totally inactive, exert a strong 
constricting effect on artery rings ” O’Connor^- had also mentioned 
in passing that “extracts of blood platelets of rabbit, obtained from 
citrated plasma by centrifuging, decanting and dissolving the sediment, 
rich in platelets, have a powerful effect on the frog vessels ” Zucker 
and Stewart^® confirmed their previous observation, as did Le Sourd 
and Pagniez^^ for platelets of a species different from that which fur- 
nished the excised artery used for the test 

The few observations on record as to the vasoconstrictor effect of 
erythrocytes are less in agreement All these were made on the frog 
perfusion preparation Heubner,^^ m studying viscosity, noted in a 
single experiment that defibrinated blood, if laked and restored to 
tonicity, causes less constriction of the frog vessels than if diluted 
with a corresponding amount of Locke’s solution Broking and Tren- 
delenburg observed that diluted serum caused more vasoconstriction 
than laked erythrocytes diluted to produce the same viscosity Hirsch- 
feld and Modrakowski-® observed, with erythrocytes laked either by 
means of distilled water or by a specific hemolytic reaction, a marked 
vasoconstrictor effect In two experiments, however, the erythrocytes 
laked by the former method caused dilatation These observers failed 
to record the exact speed of centrifuging or to give evidence of any 
attempt to rid the cells examined of blood platelets, which are in them- 
selves extremely active Kaufman,^® who states that “when we laked 
thoroughly-washed erythrocytes in distilled water or ether, we obtained 
a strongly vasoconstrictor fluid,” is open to a similar criticism 

Studies of relation of the leukocytes to the vasoconstrictor sub- 
stance have been limited to the effect of extracts of certain organs Of 
these, spleen, bone marrow, and thymus may conceivably be regarded 
as analogous to blood cells According to Zucker and Steward® these 
organs, extracted by a method which yielded from the platelets power- 
ful vasoconstrictor substance, are inactive Kaufman,^^ though agree- 
ing as to the thymus, obtained an active substance from the spleen 

The effect of plasma as compared to serum has been discussed 
The effect of plasma as compared to Locke’s solution needs further 
comment It is to be noted that many observers diluted the plasma 
before testing it, or else used a considerable percentage of citrate In 

20 Zucker, T F , and Stewart, G N Zentralbl f Physiol , 1913, 27, 85 

21 Le Sourd, L , and Pagniez, Ph CompL rend Soc de biol , 1914, 76, 587 

22 Heubner, W Arch f exper Path u Pharmakol , 1905, 53, 218 

23 Hirschfeld, L, and Alodrakowski, G Munchen med Wchnschr , 1911, 
58, 1494 

24 Kaufman, P Zentralbl f Phi siol , 1913 27, 530 
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our present experience this substance is deleterious in concentration of 
0 5 per cent within a few minutes In a previous publication of two 
of us/ as well as that of Sakai and Hiramatsu/^ the same effect was 
noted O’Connor/” who stated that plasma had no effect, Stewart and 
Zucker,^° that it had little or no effect, and Sakai and Hiramatsu,”' 
that it had a vanishingly small effect, diluted the plasma before testing 
it Stewart and Zucker used a concentration of citrate as great as 1 
per cent Kaufman,^® on the other hand, wdio observed a vasocon- 
striction, used undiluted citrated plasma Further, when neither of 
the objections mentioned apply, as with heiudin plasma, more oi less 
vasoconstrictor effect was noted (Trendelenburg,^'^ Kahn,®“ Stewart 
and Harvey^") Proof is therefore lacking that shed plasma has no 
tonic effect on the arterial wall, still more obscure is the question 
whether the circulating plasma has a tonic effect on the intact vessels 

The action of serum on smooth muscle, as opposed to the action of 
epinephnn, has already been discussed Attempts to define its chem- 
ical nature ha\ e yielded contradictory results, even on so elementary a 
point as its classification as protein or crystalloid The former alter- 
native IS supported by Battelli,® who observed that the vasoconsti ictor 
substance of serum Avas destroyed at a temperature of from 56 to 58 C 
by Handovsky and Pick,®" who observed that it failed to pass through 
parchment, and that it w'as not found in the fraction incoagulable by 
boiling KaufmaiP® found it insoluble in alcohol or ether Yana- 
gawa®® attributes to albumin the action of serum m deceasing the 
perfusion rate of the excised mammalian heart Interpretation of his 
results from the present point of view is complicated by the fact that 
the hearts used continued to beat Sakai and Hiramatsu®® confirmed 
the failure of the actne substance to dialyze through parchment, to 
lesist boiling or to be taken up in alcohol, but unlike Yanagawa, state 
that it IS precipitated with the globulin fraction 

The nonprotein nature of the substance is supported by the work 
of Schlayer/® who observed that it w^as destroyed neither by a temper- 
ature of 56 C , nor by removal of the proteins His observation that it 
IS not diminished by fifty-eight hours of dialysis is coupled with the 
statement that epinephnn dialyzes very poorly This is so at variance 
with the work of ComesattP^ that it is permissible to doubt the per- 

25 Sakai, S , and Hiramatsu, T Mitt a d med Fakult d k Univ zu 
Tokyo, 1914, 13 , 177 

26 Kahn, R H Pfluger’s Arch , 1912, 144 , 251 

27 Handovsky, H , and Pick, E P Arch f exper Path u Pharmakol , 
1912, 71 , 62 

28 Yanagawa, H Tour Pharmacol and Exper Therap , 1916, 8, 89 

29 Sakai, S , and Hiramatsu, T Mitt a d med Fakult d k Univ zu 
Tokyo, 1916, 15 , 397 

30 Voegtlin, C, and Macht, D I Jour Am Med Assn, 1913, 61 , 2136 

31 Comesatti, G Arch f exper Path u Pharmakol , 1909, 60 , 233 
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nieability of the membrane used Stewart and Harvey^'^ state that the 
vasoconstrictor substance resists boiling and is soluble in alcohol, 
Stewart and Zucker^® that it resists boiling and is insoluble in alcohol , 
Zucker and Stewart^® that it can be extracted with alcohol, also by 
acetone and ether The last-named observer says, moreover, that 
platelet extract also can be extracted with alcohol Kaufman®® found 
that the active substance, though insoluble in alcohol, resists boiling 
and dialyzes readily through an artificial membrane, and that the dialy- 
zate gave negative tests for protein Voegthn and Macht,®° by extract- 
ing dehydrated blood, serum, plasma, or erythrocytes with chloroform 
and extracting the dried filtrate with methyl alcohol, obtained a “white 
crystalline residue” related to cholesterol This substance resisted 
boiling in alkaline mediums, and had a tonic action on the vessels of 
the perfused frog preparation and of the rabbit’s ear, as well as on the 
heart of cold-blooded animals A substance of the same character- 
istics was isolated from the adrenal cortex 

If all the above observations hold good, one must conclude that the 
vasoconstrictor substance is and is not dialyzable, dpes and does not 
resist heat, if a protein is or is not a globulin, and if a crystalloid pos- 
sesses extreme versatility m its ability to be extracted by various 
solvents Perhaps a part of the confusion may be explained by 
absorption of the active substance by the colloids of the blood In the 
study of the effects of platelet extract the bulk of these are removed 
by the simple process of decantation 

That the vasoconstrictor substance is elaborated during the process 
of coagulation is clear , that the relation is more than a coincidence, is 
not Specimens of herudimzed blood or plasma which are actively 
vasoconstrictor do not necessarily contain a clot (Kahn^®), nor does 
clotting necessarily occur later (Kahn,^® Stewart and Zucker^®) 
The latter®® found no difference between clotted and unclotted cystic 
fluid in its effect on the arterial ring, and had previously concluded, as 
mentioned, that the vasoconstrictor property is developed “not mainly 
m connection with the actual change of fibrinogen to fibrin ” 

The foregoing review of the literature reveals a general agreement 
to the effect that blood serum is vasoconstrictive, and that this action 
IS not due to epmephnn The rather fragmentary observations on the 
effect of platelet extract are also in accord, to the effect that the extract 
has a powerful vasoconstrictor action The work on erythrocytes is 
inconclusive, on the leukocytes, of questionable relevancy The ques- 
tion of the vasoconstrictor effect of circulating plasma is not settled, 
and the relation of the vasoconstrictor substance to the factors con- 
cerned m coagulation has hardly been touched on The following is an 
attempt to throw light on these questions 


32 Stewart, G N , and Zucker, T F Jour Exper Med , 1913, 17 , 174 
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Tcchmc — The test object used throughout was the excised strip of ox 
carotid, as described by 0 B Meyer’ Arteries of the dog and the pig were 
tried, but found to be too insensitive The apparatus consisted of a large tank 
suitable for warming the material to be tested, and was kept at body tempera- 
ture by means of an electric thermostat which gave a very constant temperature 
within half a degree centigrade The apparatus was grounded to prevent the 
accumulation of electrical charges A small glass tube suitably bent served 
both as an attachment for the lower end of the artery and as a tube for the 
ingress of oxygen, a constant flow of which was insured by the use of a large 
tank The upper end of the arterial strip was attached to a very light aluminum 
lever which magnified 15Vs The apparatus was so arranged that the artery 
could be attached at ease to tube and lever, and all three lowered into the 
arterial chamber This was made from an ordinary Wassermann tube, and 
had a capacity of 8 c c , although 3 or 4 c c sufficed to cover the artery The 
chamber was suspended in the warm bath It could be emptied by suction 
through a suitably bent glass tube fused to tbe bottom This arrangement per- 
mitted a rapid and complete exchange of fluids with little mechanical distur- 
bance Such short exposure to air, and even exposure as long ,as five minutes, 
did no demonstrable damage to the arterj The apparatus was so arranged 
that two arterial strips could write simultaneously on the same drum 

The arteries were obtained from a slaughterhouse about one hour’s journey 
from the laboratory They were taken from the animal within a few minutes 
of death, and -were put in a bottle containing about 800 c c of cold Ringer- 
Locke solution They tvere transported and kept on ice They continued viable 
for from one to four da\s, according to the season Transfer into fresh cold 
Ringer-Locke seemed to improve their ^ lability 

A segment of artery about 8 mm long was cut, usually from about the 
central portion of the artery as obtained The contracted peripheral end seemed 
equally sensitive, except in hot weather The segment was slit longitudinally, 
so that the tension was exerted on the circular fibers A needle was passed 
through the corners at one end of a strip, and a silk ligature tied central to 
the needle The ligature was then threaded and drawn through The same 
process tvas repeated at the other end This procedure prevented slipping of 
the ligature The strip, except as otherwise indicated, was stretched by 90 gm 
tension for twenty minutes and then weighted with 30 gm for the tests 

The physiologic fluid used wull be referred to as Ringer-Locke solution It 
contained 

Sodium chlond (NaCl), 0 9 per cent , potassium chlorid (KCl), 0 042 per 
cent , sodium bicarbonate (NaHCOa), 0 03 per cent , calcium chlond (CaCh). 
0 024 per cent (Dextrose 0 1 per cent ) 

The dextrose was omitted after Experiment 43, until Experiment 123, when 
it was again used as its absence was found to facilitate spontaneous rhythmic 
contractions 

The technic described was adequate to detect epinephrin in Ringer-Locke 
solution in a concentration of 1 to 25,000,000, sometimes of 1 to 50,000,000 or 
100,000,000 in cool weather The sensitiveness is, however, subject to influences 
not well understood, such as heat, or too many minute’s delay m removing the 
artery from the dead animal As already mentioned, sodium citrate damages 
the preparation The same is true of sodium oxalate, although herudin proved 
to be innocuous Therefore, all experiments in which the arterial strip failed 
to prove Its sensitiveness in the presence of the anticoagulant employed were 
discarded For this control, usually serum, sometimes platelet extract or epi- 
nephrin, was employed Experiments in which clotting could be demonstrated 
were also discarded 
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PART II 

SOURCE OF THE VASOCONSTRICTOR SUBSTANCE 

Dcfibi mated Blood — Although the effect of defibnnated blood on 
the excised artery has been noted by many observers, it may be well to 
illustrate it (Figs 3, 4, and 13) Its chief characteristics are the 
immediate onset, the abruptness and the extent of the constriction 
Uncoagulated Blood — Blood of the Ox — Blood of the ox was first 
investigated because it was from the ox that the test-object was 
obtained 

Method — Blood of the ox was obtained as follows A wide-mouth bottle of 
one liter capacity, and cork, were paraffined A 38 per cent sodium citrate 
solution was prepared This concentration is isotonic (Rous and Turner^) 
As the solution proved to be acid to litmus it was neutralized with dilute 
sodium hydroxid (NnOH) to a pH of 68 to 76 (Levy and Marriott®^) The 
animals were usually slaughtered by cutting the neck The bottle, containing 
a suitable amount of citrate, was held under the stream of blood and filled 
instantaneously It was then inverted several times and brought to the labora- 
tory in a pail of cracked ice Here the volume was measured and the maximum 
concentration of citrate calculated This varied from 0 6 to 0 3 per cent The 
increase of volume resulting from the addition of citrate was less than one fifth 
The mixture was strained through two layers of fine gauze to ascertain the 
presence of clots The fluids were tested in the following order 

1 Rmger-Locke solution 

2 Ringer-Locke solution minus calcium 

3 Rmger-Locke solution containing citrate in the same concentration as 
the blood to be investigated 

4 Uncoagulated (citrated) blood, this was allowed to remain in contact 
wuth the artery as long as seemed feasible without damaging it, usually three 
or four minutes 

5 Defibnnated blood to which citrate in the above concentration had been 

added after defibrmation, the object being to prove that the preparation had 
retained its sensitiveness m the presence of citrate , 

In the case of the herudmized blood the order was as follows 

1 Rmger-Locke solution 

2 Rmger-Locke solution containing herudin in the same concentration as 
the blood to be tested 

3 Herudmized blood 

4 Defibnnated blood to which herudin m the same concentration had been 
added after defibrmation 

In some of the later experiments herudin was omitted from the defibnnated 
blood because of its scarcity, its mnocuousness w'lth respect to the excised 
artery having been amply demonstrated 

Results — Eighteen specimens of citrated ox blood were examined 
Of these, eight experiments were discarded because the sensitiveness 
of the artery was insufficient or unproved, and one because the concen- 

33 Rous, P , and Turner, J R Jour Exper Med , 1916, 23, 219 

34 Le%j, R L, and Marriott, W McK The Archives Int Med, 1915, 
16, 389 
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Experiment 

Constriction 

Citrate, Per Cent 

Material Obtained 

i 

Cl 

j 

0 : 

05 

1 day previous 

66 

+ 

05 

1 day previous 

99 

+++ 

05 

Same day 

146 

0 

05 

Same day 


0 

05 

[ Same daj 

149 

0 

0 4S 

Same day 



0 62 

Same day 

152 

0 

03 

Same day 



0 33 

1 

Same day 


E'^plnmtion of Tobies 

Under “Constriction' is recorded the reaction of the artery 
-^-^-1- = maximal constriction 
-*-+ = marked constriction 
+ = moderate constriction 
Trace = slight constriction 
0 = no constriction 
— = dilatation 

Under “Material Obtained" is recorded the time elapsed bet'ncen collecting and testing 
the material 




Fig 1 — Experiment 149 Ox carotid Citrated ox blood Order of tests 
(1) Ringer-Locke solution, (2) same without calcium, (3) Ringer-Locke 
solution containing 062 per cent sodium citrate, (4) ox blood containing 0 62 
per cent sodium citrate, (5) defibrinated blood containing same Time m 
minutes in all figures except as otherwise indicated 

tration of citrate used (0 25 per cent ) seemed too small Of the 
remaining nine specimens, as shown in Table 1, seven caused no change 
or else a moderate fall of tonus, whereas only two caused a rise A 
typical example of the lack of vasoconstrictor action is shown in Figure 
1, in which substitution of citrated blood for citrated Ringer-Locke 
solution caused a moderate relaxation lasting three and one-third min- 
utes, at the end of which the arterial strip reacted vigorously to defib- 
rinated blood to which sodium citrate in the same concentration had 
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been added Similarly, m Figure 2, citrated blood caused only a very 
slight delayed rise followed by a slight fall At the end of eight and 
one-half minutes the arterial strip showed extreme sensitiveness by the 
degree of its response to citrated plasma In the two cases in which a 
vasoconstrictor action was observed, no careful examination for clot 
was made, as was done in the subsequent experiments Our suspicion 
that the rise was due to partial clotting was therefore not confirmed 
The large proportion of specimens that had no vasoconstrictor effect, 
however, justifies the conclusion that citrated blood of the ox, as 
obtained, has no constrictor effect on the excised ox artery 
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Fig 2 — Experiment 61 Ox carotid Ox blood Upper tracing Effect of 
dialyzate of citrated plasma, after three-hour dialysis against Ringer-Locke 
solution Lower tracing Effect of citrated ox blood and of plasma obtained 
from it 


The foregoing experiments seemed open to criticism because of the 
possibility of contamination by tissue juices or other substances which 
might have affected the behavior of the artery Use of laboratory 
animals made it possible so to regulate the conditions under which 
blood was withdrawn, that our scanty supply of herudin could be 
utilized This anticoagulant has the advantage that it does not reduce 
the sensitiveness of the arterial strip Accordingly, numerous experi- 
ments were done with blood of the dog The method used was as 
follows 

Method Uncoagulated Blood of the Dog (Suggested by Dr M T 
Burrows ) — Enough 4-ounce wide-mouth bottles, together with stirring rods 
and cannulas, were boiled m soapy water, washed, soaked in 33Vs per cent 
hydrochloric acid to remove traces of alkali, left to wash at length under the 
tap, thoroughly washed with distilled water, dried, oiled, and left to drain 
The cannulas were made as large as could be forced into the artery They were 
about 1 foot long, and suitably bent to reach the bottom of the bottle, below 
the level of the anticoagulant solution The carotid artery was exposed and 
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wiped free of blood bj means of a piece of oiled gauze, and further protected 
from blood by inserting beneath it a similar layer of gauze It was then nicked, 
and washed inside, first with paraffin oil, and then (in the later experiments) 
with strong citrate solution The blood was then allowed to flow rapidly to 
the desired volume, uith constant stirring The anticoagulant solutions used 
were citrate, as in the experiments ivith blood of the ox, except that it was not 
neutralized, 1 per cent oxalate in 09 per cent salt solution, and herudin m 
Ringer-Locke solution The concentrations are indicated in the tables Cer- 
tain modifications of method, such as neutralizing of the citrate solution, obser- 
vation of sterile precautions, drawing of blood by syringe without anesthesia, 
use of excessive oxalate later to be reprecipitated, were tried, but did not appear 
advantageous For anesthetic, ether was gradually discarded in favor of 
paraldehyd, which seemed better for our purpose The order in which the tests 
were carried out was the same as that already described 
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Remarks 

OS] 

. ! 

Trace 

1 

02 

S une day 

Smali clot next day 

9SJ 

i 

+ i 

02 

1 Same daj | 

Small clot next day 

100 


+ 1 

02 

j Samedaj 

Artery not very active 

100 


+ 

03 

1 Same dn\ 

Artery not very active 

101 

1 

Trace 

02 

Same daj 

Artery not verj' active 

113] 

« 1 

0 ? 1 

03 

1 day previous 

Sensitive artery No effect in 2% minutes 

iisj 


Trace 

03 

1 daj previous 

Sensitive artery 

116 

+ 

03 

Same day 

Clot ? 

123 

+ 

03 

1 

Same daj 



* Brackets Indicate more than one observation on same inuteriai 


Results — Oxalated blood of the dog unifomily caused a constric- 
tion, which, though marked, was in no way comparable to that induced 
by defibrinated blood Citrated blood had a similar effect, though less 
marked and more variable Of seven properly controlled experiments, 
in which the citrated blood was substituted for citrated Ringer-Locke 
solution, all, as shown m Table 2, showed some increase of tonus vary- 
ing from a trace to a moderate constriction The type of curve diffprs 
from that caused by defibrinated blood in that the sharp onset and the 
abrupt rise are replaced by a more or less prolonged latent period and 
a gradual rise 

Herudinized blood of the dog was investigated in nine experiments, 
of which two were discarded because of gross clotting, two because of 
insensitive test objects The results were not uniform In Experi- 
ment 103, for example, as shown in Figure 3, substitution of herudin- 
ized blood for herudinized Ringer-Locke solution failed to cause a rise 
The latter solution, however, in itself caused a moderate rise, which 
may have obscured the results This was the only occasion m which 
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the herudin had any such effect The test object reacted vigorously to 
defibrmated blood in the presence of the same concentration of heru- 
din, thus demonstrating its sensitiveness In two experiments the 
substitution of herudinized blood for herudinized Ringer-Locke solu- 
tion resulted in no increase of tone for two and ten minutes, respec- 



Fig 3 — Experiment 103 Ox carotid Dog blood Effect of herudinized 
Ringer-Locke solution, herudinized blood, plasma obtained from same by 
gravity and defibrmated blood to which herudin had been added 
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.Fig 4 — Experiment 104 Ox carotid Effect of herudinized blood of dog as 
compared to defibrmated blood to which herudin was added Note spontaneous 
contractions at X 

tively, and then a sharp rise without any further manipulation Figure 
4 shows the second of these The herudin blood caused a gradual 
relaxation lasting for ten minutes, at the end of which period a sharp 
spontaneous rise (X) occurred, followed by an incomplete fall The 
further development of the curve ivas interrupted for the purpose of 
testing the arter}^ by the use of defibrmated blood to which a like 
amount of herudin had been added As far as it goes, however, this 
curve IS precisely similar in form to rhythmic changes of tonus which 
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we have since fiequentl}^ obseued in arteries left undistmbed in 
Ringer-Locke solution containing no dextrose Certainly no other 
explanation is at band foi such a piodigiotis latent peiiod Two othei 
specimens of blood caused a i ise, not explicable in this manner 

DISCUSSION 

The presence of a vasoconstrictoi substance in many of the speci- 
mens of blood which bad been withdrawn into anticoagulant solutions 
may be tentatively explained as follows After the blood leaves the 
circulation, and before it becomes thoioughly mixed wnth the antico- 
agulant solution, the blood platelets break dowm and liberate a vaso- 
constrictor substance That they break down wuth extreme ease has 
been showm by Deetjen That when bioken dowm they liberate a 
powerful A asoconstrictor substance is demonstrated later in this paper 
Coagulation of blood is accompanied both by elaboration of vasocon- 
strictor substance and bieakdowm of platelets That this breakdown 
IS out of proportion to the amount of clot formed is shown by the fact 
that a very small clot is associated wuth a \ ery marked vasoconstrictor 
action This observation was made by O’ConnoC- and Kahn,^° and 
confirmed by the present w'ork Thus, there is much indirect evidence 
that the foregoing explanation is correct We are therefore inclined 
to disregard those expeiiments in w'hich a ^ asoconstriction occurred, 
and to emphasize those in Avhich it w'as absent From this point of 
view, the results obtained wath uncoagulated blood of the dog tend to 
substantiate those obtained with uncoagulated blood of the ox 

Blood of the Calf — After the above conclusions w^ere reached, a 
final experiment was performed on the blood of the calf This experi- 
ment seems worth a detailed description It was undertaken to obvi- 
ate on the one hand the possibility of contamination as in the experi- 
ments on the blood of the ox, and on the other hand the uncertainties 
of using a blood foreign to the species from wdiich the artery was 
obtained, as in the experiments on the blood of the dog In addition, 
It offered the advantage that herudin could be used The protocol 
follows 

Experiment 164 —Aug 16, 1917 

12 30 p m Carotid arteries of the ox collected in cold Ringer-Locke solu- 
tion about one hour previously, arrived at the laboratory 

3pm Calf, 4 days old, bled through an oiled cannula inserted into the. 
carotid artery, according to the method used in obtaining blood from the dog 
The artery was washed out inside with citrate solution and oil before inserting 
the cannula All possible care was taken and no technical errors were detected 
The blood was obtained in two lots, one containing herudin (4 years old) in 
the proportion of 1 mg to 6 c c of blood, the other (a product obtained from 
C E Bischoff and Company about three months previously) m proportion of 

35 Deetjen, H Ztschr f physiol Chem , 1909, 63 , 1 
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1 mg to 2 5 or 3 c c of blood The plasma was obtained by centnfugalization 
at 1,800 R P M for one-half hour for the tests with Arteries 1 and 2, for one 
hour for the tests with Arteries 3 and 4 One lot of blood, probably that con- 
taining the older herudin m weaker concentration, was found after one-half 
hour at 38 C to contain half a dozen small clots The other lot was free from 
clots 

9 30 p m Beginning of tests The artery was then in Ringer-Locke 
solution containing dextrose but no sodium bicarbonate This fluid was 
replaced by Ringer-Locke solution containing herudin in the same proportion 
as the second specimen of blood, 1 mg to 2 5 c c The concentration of herudin 
in the control solution was therefore equal to or greater than that of the blood 
tested The herudinized Ringer-Locke solution was then replaced by herudi- 
nized blood, this by herudinized plasma Finally the artery was tested by 
means of defibnnated blood 

Results — The results are shown in Figure 5 Neither the herudin- 
ized Ringer-Locke solution, the herudinized blood nor the herudinized 
plasma had the slightest effect on the artery Indeed, the tonus 
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Fig 5 — Experiment 164 Ox carotid Calf blood Effect of herudinized 
blood and plasma containing no clot Order of tests (1) and (2) Ringer- 
Locke solution, (3) same with herudin, (4) herudinized blood, (5) Plasma 
from herudinized blood, (6) blood from same animal defibnnated 


remained so constant that it was suspected that the artery was dead 
By the use of defibnnated blood, however, a sharp characteristic rise 
resulted, thus proving the sensitiveness of the preparation The blood 
was m contact with the preparation without effect for four minutes, 
the plasma for five minutes A second preparation treated with the 
same materials in the same order gave the same results In this case 
the blood was in contact with the preparation for eight minutes, and 
the plasma for seven minutes The response to defibnnated blood 
was even more marked in this test than in the previous one The 
blood and plasma contained no clot In contrast to the foregoing are 
the results shown in Figure 6 Here substitution of herudinized blood 
for herudinized Ringer-Locke solution caused very moderate slow rise 
On replacing the blood with herudinized plasma the rise continued, 
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Fig 6 — ^Experiment 164 continued Ox carotid Calf Blood Effect of herudmized blood containing clot, and of plasma 
obtained from it Order of tests (1) and (2) Ringer-Locke solution, (3) herudmized Locke solution, (4) herudmized blood 
m which some small clots were found, (5) herudmized plasma, (6) defibrmated blood Note spontaneous contractions at X 
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and later spontaneous rhythmic contractions developed The blood in 
this case contained several small clots In this experiment, then, 
blood in which clotting had been entirely prevented had no effect on 
the artery of the same species, whereas blood m which a small amount 
of clotting had taken place caused a definite increase of tonus 

To summarize the results obtained with uncoagulated blood 

Citrated blood of the ox as obtained in the slaughter house had no 
constricting effect on the excised ox artery Blood of the dog obtained 
by a method which was less open to criticism had a variable amount 
of vasoconstrictor action, less in the case of the citrated blood than in 
the case of the oxalated blood, and nil o\ er a relatively long period in 
three out of five experiments with herudimzed blood As the latter 
experiments were not unequl^ ocal, a final experiment was made with 
blood of the calf, with a clear-cut result that, provided it had been 
prevented from clotting, it had not the slightest effect on the excised 
artery It seems safe to conclude, therefore, that there is no vaso- 
constrictor substance in the normal ciiculating blood of animals 

Blood Platelets — These were obtained according to the method of 
differential centrifuging first suggested by Mosen^® and described by 
Bayne-Jones®' and Lee and Vincent,®® by which ad^antage is taken of 
the relatively low specific graA ity of the platelets 

Method — Ox blood centrifuged at 1,500 to 1,800 R P M for from a half 
to three quarters of an hour was found to separate into two approximately 
equal layers, sediment and plasma This plasma was aspirated and centrifuged 
at 3,000 R P M for periods of about five minutes , each time the supernatant 
fluid was decanted and centrifuged afresh By repeating this process three or 
four times a sediment was obtained in which at most two or three cells per 
high-power field could be detected by microscopic examination of the fresh 
specimen The scanty platelet sediment thus obtained, though cohesive, could 
be emulsified by the use of a capillary pipet, and washed, first, in 0 9 per cent 
saline, and finally in Ringer-Locke solution After two or three washings it 
was shaken vigorously by hand with glass beads and distilled water, and a 
volume of double-strength Ringer-Locke solution equal to that of distilled 
water was added Out of nearU a liter of citrated blood of the ox a thin film 
of pure platelet was obtainable, in volume a small fraction of a cubic centimeter 

Five experiments were performed with pure ox platelets, a great number 
with less pure platelets of ox, and one each with platelets of dog and pig 

Results — The results were constant and very striking The effect 
of the platelet extract is to cause an abrupt rise of the writing-point, 
which rapidly gathers momentum and continues to rise at a rapid rate 
until the maximum effort of the artery is expended This is indicated 
by the change in shape of the strip, long and attenuated, before the 
constriction, short and contracted afterward The effect was even 

36 Mosen, R Arch f Anat u Physiol , Phj'siol Abt , 1893, p 352 

37 Bajne-Jones, S A.m Jour Physiol, 1912, 30, 74 

38 Lee, R I, and Vincent, B The Archives Int Med, 1914, 13, 398 
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more sinking than that occasioned by serum or defibrmated blood 
Even an extract from a film of platelets at the bottom of a centrifuge 
tube, so thin as to be scarcely visible, caused a constriction comparable 
to that of defibrmated blood Once contracted, the vessel remained 
so until treated with nitrite in a manner to be described The effect 
IS shown in Figure 8 at (3) The abrupt onset, the rapid rise, and 
the wide latitude of the constriction, comprising almost the entire 
width of the drum, are well shown Perhaps the activity of the plate- 
lets IS best indicated in Figure 11, which demonstrates the effect of a 
diied preparation of platelets diluted 1 100,000 m Rmger-Locke solu- 
tion This preparation was obtained by boiling the platelet extract 
in slightly acid medium and drying the filtrate With only a single 
exception, easily explicable on technical grounds, the platelet extract 
caused this very striking constriction of the excised artery We were 
also able to confirm Stewart’s^® observations that the platelet extract 
causes constriction when injected into the interior of a long piece of 
artery without coming into contact with the cut surface of the vessel 

El ythrocytes — In order to free the red corpuscles from platelets, 
advantage was taken of the low specific gravity of the latter, on the 
assumption that slow centrifuging through large quantities of fluid 
would leave the platelets in suspension 

Method — Accordinglj, from 10 to 50 cc of citrated blood were poured on 
top of 0 9 per cent salt solution in 50 c c centrifuge tubes and centrifuged at 
slow speed for periods of about ten minutes The speed was such as to require 
about one hour for separation of ox blood into equal quantities of plasma and 
sediment The washing fluid was usuallj' 09 per cent sodium chlorid Solu- 
tion of greater specific gravity, such as 2 7 sodium chlorid and 10 per cent 
commercial dextrose, were tried and seemed to offer no advantage, nor did 
preliminary sedimentation b> gravity through a large quantity of fluid After 
centrifuging, the supernatant fluid was decanted and the sediment poured into 
a tube of fresh solution This process was repeated at least four times , the 
washed corpuscles were examined microscopically by means of Wilson’s 
stain in three experiments In one, occasional large clumps of platelets, in a 
second, no typical platelets whatever, in a third only rare ones, were seen 
The number of platelets was, therefore, at least very much diminished The 
strongest concentration of red corpuscles tested was a 1 3 dilution of a sus- 
pension so dense as to be indistinguishable from blood The cells were laked 
by shaking with distilled water and glass beads, and brought to physiologic 
strength by adding a volume of double strength Rmger-Locke solution equal 
to the distilled water A similar mixture of distilled water and double strength 
Rmger-Locke solution was applied to the artery immediately before the test 
as a control In all, seven specimens of red blood corpuscles were examined 
and the arteries were found to be active in all experiments 

The results are shown in Table 3 In only one experiment, the 
first, was there more than a slight increase of tone In this a sharp 
rise inaugurated a series of rhythmic contractions associated with 


39 Stewart, G N Arch- d mal du coeur, 1914, 7 , 454 
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TABLE 3 — Red Corpuscles Shaken with Water + Double Locke 


Experi 

ment* 

i 

Constric 

tion 

Coneen- 

trationt 

Material 

Obtained 

Remarks 

61 

++ 

Thin 

1 day previous 

Latent rhythm with increased tonus 

60 

0 

3 50 

2 days previous 


62 

0 

Rather thin 

1 day previous 


63 

0 

Dense 

Same day 


65 

Trace 

Medium 

1 day previous 

Rhythmic contractions with very 
slight increase of tonus 

82 

+ 

Dense 

Same day 

Belated moderate rise associated with 
rhythmic contractions 

91 

0 

1 3 

Same day 1 



* The first five experiments riere performed with o\ corpuscles, the remnmder with dog 
corpuscles 

t tinder concentration is indicated the degree of dilution of the corpuscles before testing 
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Fig 7 — Experiment 91 Ox carotid Dog blood Order of tests (1) water 
and an equal volume of double Locke solution, (2) laked red corpuscles 
restored to tonicity by means of double strength Ringer-Locke solution, 
(3) defibrinated blood 

increasing tone, a phenomenon precisely similar to that observed later 
in a number of instances m arteries left undisturbed in Rmger-Locke 
solution The same phenomenon, though much less marked, occurred 
in Expenment 82 after a latent period of several minutes In Figure 
7 IS shown the absence of effect of laked corpuscles of dog in a dilu- 
tion equal to one-third of a very dense suspension, as compared to the 
very marked vasoconstrictor effect of defibrinated blood The results 
are consistent, red corpuscles of dog or ox, laked or in suspension, 
have no effect on the excised artery other than a tendency to rouse its 
latent rhythmicity The objection might be raised that a vasocon- 
strictor substance diffused out of the corpuscles during the washing 
If so, it should diffuse out into the circulating blood and render the 
latter more active than it actually is Moreover, platelets which were 
treated in a similar way, except that the centrifuging was necessarily 
faster, remained active after repeated washings 
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Leukocytes — The method followed was essentially that of 
Zinsser 

Method — Four dogs were injected, m all instances with a 5 per cent sus- 
pension of aleuronat in bouillon or distilled water, containing 3 per cent of 
soluble starch The water appeared better, if anything, than the bouillon 
From 10 to 20 cc of this mixture were injected into the pleural cavity in the 
lower axilla, under sterile precautions After a period varying from one to 
nine days, the animal was killed by bleeding This permitted opening of the 
pleural cavity without contamination with blood The exudate was withdrawn 
by means of an oiled SO c c pipet The contents of one pleural cavity were 
divided into two parts, the first being tested unmodified, the second, after treat- 
ment with distilled water and double strength Ringer-Locke solution in exactly 
the way described for the blood platelets The contents of the other pleural 
cavity were mixed with strong citrate or oxalate solution and centrifuged The 
cells were washed three times in 0 9 per cent sodium chlorid and once or twice 
in Ringer-Locke solution The final sediment was shaken with distilled water 
and restored to tonicity with double strength Ringer-Locke solution in exactly 
the way described for the platelets Smears of the original exudate stained by 
Wilson’s stain showed no platelets whatever, nor did platelet counts, according 
to the method of Wright and Kinnicutt,^^ very kindly performed for us by 
Dr Hirose An examination of a smear taken from the top of the first sedi- 
ment after rapid centrifuging also failed to demonstrate platelets Red cor- 
puscles were present in the first specimens in numbers about equal to the 
leukocytes, but became much less prevalent in later specimens, so that the 
sediment had a chalky red appearance The final specimen contained none 
It should be noted that, in a preliminary experiment, aleuronat failed to affect 
the artery in concentration of 10 per cent 


TABLE 4 — ^Whitc Blood Cell Pleural Exudate of Dog 


Experi 

ment 

Constric 

tion 

Concen 

tration* 

Bed 

Blood 

Oorpusclest 

1 

I Platelets 

Ecmarlvs 

Part 1 

116 

0 

1 1 

+ + 

0 

Exudate untreated 

123 

Trace 

1 1 

+ 

0 

1 

Exudate untreated 

127 

0 

11 

+ 

0 

Exudate untreated 

Part 2 

116 

++ 

1 5 

+ + 

0 

Exudate + HsO + double Locke 

123 

+- 

1 5 

+ 

0 

Exudate + H2O + double Locke 

127 

0 

1 5 

+ 

0 

Exudate + H2O + double Locke 

Part 3 

116 

, 1 
+ 

1 20 

++ 

0 

Washed sed + H2O + double Locke 

117 

j 

— 

1 20 

++ 

0 

Washed sed + H2O + double Locke 

123 

0 

1 20 

+ 

0 

Washed sed + H2O + double Locke 

127 

0 

1 8 

0 

0 

Washed sed 4- H2O + double Locke 


* Under con^ntration Is indicated the degree of dilution of the matenal before testing 
T Under red blood corpuscles Is Indicated the extent to which red corpuscles were present in 
the material 


40 Zinsser, H Infection and Resistance, The MacMillan Co, New York, 
1914 

41 Wright, J H , and Kinnicutt, R Jour Am Med Assn , 1911, 56, 1457 
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Results — In all, seven pleural exudates, taken from the four dogs, 
were examined The results are shown m Table 4 Part 1 shows the 
eftect on the ox artery of the exudate untreated. Part 2, that of 
exudate treated with water and double strength Ringer-Locke , Part 3, 
that of washed sediment similarly treated The greatest constriction 
observed with untreated exudate was a trace The modified exudate 
caused a marked constriction m one instance, inconsistent results in a 
second, and no effect in a third The washed and treated sediment 
caused a moderate constriction in the first experiment only, in the 
other three, no effect or slight loss of tonus 

Although the absence of platelets from all specimens was demon- 
strated, the absence of broken-down products of platelets was not, 
since the latter might have been in solution or in a form not recogniza- 
ble under the microscope This is especially likely m those specimens 
which were found to contain blood Indeed, it is difficult to conceive 
m what manner erythrocytes could enter a canty inaccessible to the 
platelets, which are not only smaller than the red cells, but also, unlike 
them, possess the power of independent motion (Deetjen^") In the 
successive experiments the number of red cells diminished, and with it 
the vasoconstrictor power of the exudate For these reasons we are 
inclined to emphasize the results of the last experiment, No 127, on 
an exudate which was free of red cells This experiment will there- 
fore be described at length 

Experiment 127 — Nine da 3 s previous to this experiment 20 c c of a 5 per 
cent aleuronat suspension in 3 per cent aqueous solution of soluble starch 
were injected into each pleural cavitj of a dog On the da^ of the experiment 
the animal was killed by bleeding, and the exudate immediately removed with 
an oiled pipet The exudate from the right cavity was centrifuged and washed 
as already described, the final volume of the compact sediment being 1 25 c c 
This was treated with 5 c c water and 5 c c double Ringer-Locke solution, 
the resulting dilution being 1 8 The effect is shown in Figure 8 to be nil 
vhile 06 cc of platelet sediment of dog treated in the same waj’’ as the 
washed exudate and with the same amounts, caused a maximal constriction 
That IS, 1 25 c c of exudate had no effect, whereas half as much platelet sedi- 
ment caused a maximal constriction Smears and counts failed to demonstrate 
anj platelets The differential count of the original exudate gave the follow'ing 
percentages 

Mononuclear basophils 
Endothelial cells 
Polymorphonuclear leukoc^ tes 
One red corpuscle was found after prolonged search 

The tabulated results, in conjunction with the foregoing experi- 
ment, seem to justify the conclusion that the cells of the pleural 
exudate of the dog, in contrast to platelets, cause no constriction of 
the ox artery How far this is applicable to the cells of the blood is 


1 per cent 
4 per cent 
95 per cent 


42 Deepen, H Arch f path Anat 1901 164 , 239 
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not manifest Leukocytes of exudates are said to differ morpholog- 
ically from those of the blood, yet it is obvious that the former can 
arise only from the blood, assuming that they do not proliferate m the 
pleural cavity, an unlikely event, which we have not investigated In 
any case, no other method of obtaining platelet-free leukocytes in bulk 
IS at hand, apart fiom the examination of lymph nodes and other 
organs— a method even more indirect 
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Fig 8 — Experiment 127 Effect of leukocytes obtained from pleural exudate 
of dog on ox arteiy, as compared with effect of dog platelets Order of tests 
(1) Ringer-Locke solution, (2) 1 25 c c washed exudate, plus 5 cc water, 
plus 5 c c double Locke solution , (3) 0 6 c c platelet sediment plus 5 c c water 
plus 5 c c double Locke solution 


Tissue Ext) acts — ' 

Lymph Nodes — Eight or ten lymph nodes were obtained from an ox, 
slaughtered by bleeding, on the day of the experiment They were freed from 
fat, chopped, washed once with Ringer-Locke solution, and ground in a mortar 
with Kahlbaum’s washed sand, to which 50 c c of Ringer-Locke solution was 
added The resulting emulsion was light brown The pieces of tissue were 
fairly large, and m spite of the washing it is certain that not all of the blood 
was removed In a second experiment the parts of the Ij^mph nodes in which 
blood was visible were cut awav The remainder appeared free from blood, 
but the final emulsion was yellowish 

Results — In both experiments the extract of lymph node caused a 
vasoconstriction only slightly exceeded by the effect of defibnnated 
blood 

Other Organs Similar extracts of spleen, bone marrow, and 
thymus failed to cause a constriction The results are difficult to 
interpret, owing to the complex nature of any organ, together with 
the difficulty of eliminating the blood Possibl}' the cause of the diL 



586 


T C JANEWAY— H B RICHARDSON— E A PARK 


ARCH 


ference between lymph node and pleural exudate is that the former 
consists mainly of lymphocytes, the latter of polymorphonuclear leuko- 
cytes It may be mentioned that in a single experiment the lymph of 
dog gave a marked vasoconstrictor effect, attributed at the time to 
contamination with blood Sufficient basis for interpreting the results, 
however, is lacking 

Plasma — It was to plasma rather than uncoagulated blood that our 
attention, like that of most previous workers, was first directed, on 
the assumption that the effect of the two is identical 

Method — The plasma was prepared from each of the various kinds of unco- 
agulated blood mentioned in the section headed “uncoagulated blood,” where the 
method of obtaining the blood has also been described in full Separation of the 
plasma from the corpuscles was effected in the earlier experiments by prolonged 
centrifuging at a speed of 3,000 revolutions per minute, with the idea of getting 
rid of the blood platelets As this degree of force was later thought to favor 
the breakdown of blood platelets, it was reduced, first to a period varying from 
one-half to one hour at 1,800 R P M , later to several hours at very slow 
speed, and finally to sedimentation under gravity alone, usually overnight 
Blood of the ox unfortunately failed to sediment in this manner, but blood 
of the dog separated very readily In most of the experiments the centrifuge 
tubes were oiled or paraffined, this did not, however, seem to offer any advan- 
tage over thorough cleaning In the attempt to obtain a plasma free from 
vasoconstrictor substance various sorts were investigated, among them citrated 
plasma of the ox and citrated, oxalated and lierudmized plasma of the dog 
Plasma of the hen, which had the advantage that it could be prepared without 
the use of an anticoagulant, simply by keeping the blood cold, was tried on 
two occasions Finally a single experiment was made on the plasma of the 
calf 

In the earlier experiments plasma was compared to Ringer-Locke solution 
containing the same amount of anticoagulant In these herudm was not used 
Later, when it became evident that the process of preparing the plasma might 
not be devoid of effect on its activity, it was compared with the uncoagulated 
blood from which it was obtained This group of experiments included those 
on lierudmized plasma, and embodied all the technical improvements in the 
manner of drawing the blood which we could devise This method has already 
been described 

Results — As might be expected, plasma prepared from the type of 
uncoagulated blood which has been shown to be active, was also active 
Citrated and oxalated plasma of the ox and of the dog, when substi- 
tuted for Rmger-Locke solution containing the same amount of anti- 
coagulant, caused always some increase of tonus An example is 
shown in Figure 2 This constriction varied in degree in a seemingly 
capricious manner from a trace to a well-marked rise The curves 
were characterized by the same latent period and gradual onset which 
were noted in the case of the active specimens of uncoagulated blood 
Exchange of plasma for defibrmated blood to which the same amount 
of anticoagulant had been added resulted almost invariably in a 
further rise, usually twice to several times the original It is inter- 
esting that plasma of the hen caused a very striking vasoconstriction, 
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though It IS well known that the blood of the hen contains no cells 
morphologically similar to blood platelets Plasma of the above types 
when substituted for Ringer-Locke solution caused a vasoconstriction 
The results of experiments m which the plasma was substituted for 
the uncoagulated blood from which it was prepared are shown m 
Table 5, which has been arranged according to the anticoagulant used 
In the experiments m which citrate or oxalate plasma was investigated, 
a definite increase of tonus resulted when plasma was substituted for 
uncoagulated blood In the four experiments on herudinized plasma 


TABLE 5 — Effect of Substituting Plasma for the Blood 
FROM WHICH It Was Prepared 


Experi 

ment 

Constric- 

tion 

Anticoag 

ulant 

Concentre 
tion of Anti 
coagulant 

Method of Separation 

61 

++ 

Citrate 

1 

0 5% 

Rapid centrifugalization 

C6 

+++ 

Citrate 

0 5% 

Slow centrifugalization for 5 hours 

103 

+ 

Citrate 

0 2% 

Gravity -l- centrifugalization for 1 hour 
at low speed 

lOS* 

Trace 

Citrate 

0 3% 

Gravity 

113 

-f-i- 

Citrate 

0 3% 

Gravity 

147 

++ 

Citrate 

0 3% 

Gravity 

93 

Continued 

rise 

Oxalate 

01% 

Centrifugalization for 25 minutes at 
1,800 R P M 

113 

Trace 

Oxalate 

0 05% 

Gravity 

87 

+ 

Herudin 

1 3,300 

Centrifugalization for 80 minutes at 
1,800 R P M 

103 

0 

Herudin 

1 3,300 

Gravity 

105-B 

rv 

0 

Herudin 

1 3,300 

Centrifugalization 45 minutes at 1,800 
B P M and 45 minutes at 3,000 R P M 

105-Bt 

V 

-i- 

Herudin 

1 3,000 

Centrifugalization 45 minutes at 1,800 
R P M and 45 minutes at 3,000 E P M 

164 

0 

Herudin 

? 

Centrifugalization 1 hour at 1,800 E P M 


* Not very sensitive artery 

t Plasma drawn from a level near the platelet layers 

Experiments 61, 66 and 147 on Wood of the ox, the remainder on blood of the dog 


in which this comparison was made, m one. Experiment 87, the plasma 
had more vasoconstrictor effect than the blood In this case only was 
the blood in itself active during the period of observation In Experi- 
ment 105 the plasma drawn from the top of a centrifuge tube caused 
no constriction, whereas that drawn from a point near the platelet 
layer did cause a constriction In the other two experiments no 
increase of tonus resulted when plasma was substituted for herudin- 
ized blood The first of these is shown in Figure 3 already referred 
to, in which neither the blood, by replacing herudinized Ringer-Locke 
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solution, nor plasma by replacing blood, caused any change of tonus 
in the arterial strip, although the activity of the preparation in defibrin- 
ated blood was well marked 

The fourth experiment on herudinized plasma was Experiment 164 
performed on herudinized blood of the calf, and has been described at 
length under the heading “Uncoagulated blood ” In Figure 5 it will 
be noted that, on substituting the herudinized plasma for the herudin- 
ized blood from which it was made, no change of tonus whatever was 
discernible The preparation then demonstrated its sensitiveness in 
the presence of defibrmated blood 

To sum up If a specimen of uncoagulated blood causes a con- 
striction when substituted for Ringer-Locke solution, the plasma 
piepared from it has the same effect If, then, plasma from citrated 
or oxalated blood is compared with uncoagulated blood from which it 
was prepared, a constriction results If this same comparison is insti- 
tuted in the case of herudinized plasma of the dog, the results are 
variable, but in at least one, and probably two, instances out of three 
no \ asoconstriction resulted In the experiment on the calf the 
herudinized plasma, when substituted for the herudinized blood from 
which It was prepared, had absolutely no effect 

Attempts were made to explain the frequent difference in effect 
between plasma and uncoagulated blood Violent and prolonged 
shaking of the latter failed to increase its vasoconstrictor effect Com- 
parison between plasma and sediment failed in three properly con- 
trolled experiments to show^ any difference The most promising way 
of testing the effect of centrifuging was cut short by the close of work, 
not, hoAvever, before three experiments had been performed This 
method consisted in comparing blood, w^hich had been centrifuged and 
stirred, with the original blood One experiment showed no increase, 
a second a slight increase, and a third a marked increase in vasocon- 
strictor power after this treatment Further experiments were made 
to exclude other possible causes of the vasoconstrictor action of 
plasma The suggestion was made that the hydrogen-ion concentration 
was sufficiently altered by the current of oxygen to cause a change of 
tonus in the artery, and, in fact, the P“ was found by the method of 
Levy and Marriott®^ to change from 7 25 to 7 45 under oxygenation 
This change is much less than that needed to produce a reaction in the 
arter}', and could be prevented by bubbling human alveolar air through 
the plasma along with the oxygen Under these conditions the plasma 
reaction occurred nevertheless It also occurred, though naturally 
diminished, in the absence of a current of oxygen The effect of 
change of hydrogen-ion concentration, therefore, is excluded As to 
the nature of the vasoconstrictor substance ivhich sometimes appears 
in plasma, it is plausible to assume its identity ^Mth that of serum 
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For CMdence we can only ofter the observation, several times repeated, 
that it passes readily through a celloid membrane (Fig 2) 

Discussion — If cii dilating blood is not vasoconstrictor, it is 
unlikely that the cii dilating plasma is Such an event could be 
explained only on two grounds, either that the blood contains two 
antagonistic substances, vasoconstrictor and vasodilator, the one in the 
plasma, the other in the sediment , or that the blood represents a dilu- 
tion of plasma by means of the inactive cellular (nonplatelet) ele- 
ments In either case the sediment should be less active than the 
plasma Simpler and more probable is the explanation that centri- 
fuging IS by itself sufficient to cause elaboration of a vasoconstrictor 
substance, most likely by breakdown of platelets The failure of 
mechanical shaking to cause this breakdown might be explained on the 
ground that the intervening red corpuscles prevented the agglutination 
of platelets which ordinal ily piecedes their breakdown The failure 
to demonstrate a difference m the effect between sediment and plasma, 
and the occasional increase of vasoconstrictor effect as a result of 
centrifuging and remixing, afford some evidence that the explanation 
offered is the correct one, namely, that centrifuging causes an elabora- 
tion of vasoconstrictor substance Very much stronger evidence is 
offered by the fact that it is possible, by technical improvements and 
by the use of herudin, to obtain a plasma which, like the blood from 
which it IS prepared, is totally inactive, and in which, consequently, 
neither the separation of the blood into plasma and sediment nor the 
mechanical effect of centrifuging can have any influence The con- 
clusion seems justified, therefore, that the circulating plasma has no 
effect on the excised strip of ox artery 


PART III 

CERTAIN PROPERTIES OF THE VASOCONSTRICTOR SUBSTANCE 

Certain physiologic and chemical properties of the vasoconstrictor 
substance were studied its effect on the carotid and coronary arteries 
of the ox, and its relation to heat, precipitation of proteins, dialysis 
and extraction with various fluids 

Method of Pteparation of the Vasoconstrictoi Substance — Blood platelets 
unmixed with other cells were isolated from the blood of the ox in the manner 
already described Enough sediment for the experiments on physiologic effect, 
heat and dialysis could be obtained in this way They were treated with 
distilled water and double strength Ringer-Locke solution as usual When 
larger bulk was required, centrifuging for purposes of purification proved too 
wasteful Accordingly, a simpler method was used Two liters of citrated 
blood were centrifuged for about thirty minutes at 1,800 R P M The cloudy 
plasma was aspirated and centrifuged for about thirty minutes at 3,000 R P M 
The resulting plasma was removed by aspiration The sediment consisted 
of a gummy white mass discolored with erythrocytes and containing a small 
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amount of plasma It was treated m one of two ways It was shaken with 
SO c c of distilled water, washed into a beaker and brought to a boil Dilute 
hydrochloric acid was added drop by drop until a flocculent precipitate 
appeared This precipitate was filtered off and washed with distilled water 
The filtrate and washings were dried over a steam bath The dried product 
was accumulated and kept in desiccator From 10 liters of citrated blood 
about 1 gm of the dried product was obtainable Between 0 1 and 1 0 gm 
of this dried substance was used for extraction That this amount was more 
than ample is shown by the fact that the substance was capable of causing 
an extreme constriction in a dilution of 1 100,000, that is, for the 5 cc volume 
needed for the physiologic tests, only 0 00005 gm of the substance was required 
Extraction consisted simply m stirring the finely divided dried substance 
in an evaporating dish by hand at room temperature The extract was 
filtered off and the residue washed repeatedly with the extractive The filtrate 
was dried on the steam bath The filter paper and residue were spread out 
on the electric stove and allowed to dry until no further odor of the extractive 
could be detected To both extract and residue distilled water was added 
and subsequently a volume of Ringer-Locke solution equal to that of the water 


X 

y 

Fig 9 — Experiment 33 — Upper tracing Ox carotid Lower tracing Ox 
coronary Two rings Lifting weight, 10 gm Stretching weight, 20 gm At 
X, Ringer-Locke solution replaced by aqueous extract of pure platelets of ox, 
restored to tonicity by the addition of double strength Ringer-Locke solution 

The other method consisted m mixing the platelet sediment with plaster-of- 
Pans After the mass had set, it was ground up and extracted by means of 
the Soxhlet apparatus Control extractions of plaster-of-Paris yielded no 
vasoconstrictor substance Each individual extract represented all the plate- 
lets obtainable from not less than 250 c c of blood, usually about 500 c c of 
blood In one experiment. No 84, platelets of the pig were used, in all the 
others, platelets of the ox The manner and duration of the extraction are 
indicated m the tables Extracts were taken up with distilled water and double 
strength Ringer-Locke solution added Other methods will be described as 
they come up 

Phystologic Action — The constrictor action of platelet extract on 
the carotid artery has already been described Its action on the 
excised coronary artery was observ'^ed in two experiments 

Method — For this purpose rings were cut from the coronary artery of a 
fresh ox heart They were not cut open, but were tied together and suspended 
in Ringer-Locke solution In Experiment 33 two rings were used , the stretching 
weight was 20 gm , and the lifting weight 10 gm In Experiment 145 smaller 
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rings were used and the weights were 10 and 6 gm , respectively The material 
for the first experiment was obtained from pure platelets , that of the second 
from platelets containing an admixture of red cells 

Results — The effect of the platelet substance on the carotid and 
coronary arteries is shown in Figure 9, Experiment 33 An immedi- 
ate well marked contraction of both preparations resulted In Experi- 
ment 145 the effect on the coronary artery was the same Epinephrin, 
on the other hand, in a concentration of 1 50,000, subsequently caused 
a sharp relaxation of the same preparation 

Discussion — The fact that the platelet substance causes a constric- 
tion of the coronary artery of the ox, whereas epinephrin, as is well 
known,^“ causes a relaxation, is strong evidence that the vasocon- 
strictor substance of platelets is not epinephrin Blood serum has 
been shown to have this constrictor effect on the coronary artery of 
the ox^- The similarity of blood serum and platelet substance in this 
respect substantiates the conclusion stated, that the vasoconstrictor 
substance of clotted blood is derived from the platelets 

Resistance to Heat — 

Method — To determine the resistance of the platelet substance or of 
defibnnated blood to heat, they were boiled A solution of pure platelet sub- 
stance m Ringer-Locke’s fluid was heated until it boiled vigorously Again, 
pure platelets in 50 c c of distilled water containing 1 c c of 3 per cent acetic 
acid were boiled for five minutes, then evaporated to dryness over the steam- 
bath and extracted with 5 c c of Ringer-Locke solution Defibnnated blood 
was also brought to a boil and filtered Moreover, the ordinary process by 
which the platelet substance was prepared for many of the extraction experi- 
ments involved boiling and drying over the steam bath On other occasions 
the drying was continued over night, with the result that the remainder was 
partially carbonized The products were extracted with Ringer-Locke solution, 
where necessary, and tested by means of the arterial strip 

Results — The boiled solutions of pure platelets both caused a vig- 
orous constriction of a pair of arterial strips, that which was boiled 
the longer causing a maximal constriction The filtrate of boiled 
defibnnated blood caused a maximal constriction in a dilution of 1 4 
The dried heat-acid filtrate caused invariably very marked constric- 
tions, usually maximal, and in a dilution as high as 1 1,000,000 (Fig 
11) All specimens of partially carbonized platelet substance caused 
vigorous constrictions 

Discussion — ^That the vasoconstrictor substance both of platelets 
and of defibnnated blood resists heat substantiates to some degree the 
conclusion already reached, that its origin is the same The possibility 
that the platelet substance is epinephrin is not thereby excluded, as the 
behavior of the latter under the conditions described was not investi- 
gated The results are not inconsistent, however, with the inference 

43 Park, E A Jour Exper Med , 1912, 16 , 532 
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drawn by physiologic methods, that the vasoconstrictor substance from 
platelets is not epmephrin 

Relation to Proteins — Pi ecipitation by Heat and Acid 

Method — ^The platelet sediment of about 1 liter of citrated ox blood was 
mixed with distilled water and precipitated by heat and acid The precipitate 
was caught on a filter, drained, extracted with See distilled water and restored 
to tonicity by means of 5 c c of double strength Ringer-Locke solution Its 
effect on the excised artery was then observed in comparison with that of 
blood serum 

Results — The effect of the heat-acid precipitate on the excised 
artery strip is shown in Figure 10, Experiment 81 A constriction 
resulted, which, though immediate and marked, was far from maximal, 
as was shown by substituting blood serum for the precipitate This 
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Fig 10 — Experiment 81 Ox carotid Ox platelets Effect of portion of 
platelet extract coagulable by heat and dilute hydrochloric acid, as compared 
with effect of ox serum Ether residue — remainder after evaporation of SO c c 
ether 


resulted m a further constriction almost equal to the original This 
moderate constriction caused by the heat-acid precipitate contrasts 
strongly with that caused by the dried filtrate obtained by the same 
process The latter caused invariably an extreme constriction in 
numerous experiments, and in a dilution as high us 1 100,000 
(Fig 11) 

Discussion — The activity of the dried filtrate indicates that the 
vasoconstrictor substance is not precipitated by heat and acid That 
the precipitate had any vasoconstrictor action at all might easily be 
explained on the ground that some of the vasoconstrictor substance 
was caught mechanically in the flocculent precipitate 
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Dialysis — Celloidin nieinbranes were used in all cases An active 
dialyzate in Experiment 36 gave several negative tests for protein 
Dialysis was carried on in the refngeiator 

Method— The material dialyzed was (1) defibnnated blood and (2) pure 
platelets treated with distilled water and double strength Ringer-Locke 
solution These were dialyzed against Ringer-Locke solution in proportions 
to be indicated Three experiments were performed on defibnnated blood 
In the third, No 109, an attempt was made to rid the defibnnated blood 
of vasoconstrictor substance To this end 20 c c were dialyzed against 200 c c 
of Ringer-Locke solution, the dialyzate being changed three times at half-hour 
intervals, and the dialysis then continued over night, the total duration of the 
dialysis being twenL hours The dialyzator was then compared with the 
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Fig 11 — Experiment 75 Ox carotid Ox platelets Effect of portion of 
platelet extract not coagulated by heat and dilute hydrochloric acid Filtrate 
dried and diluted 1 100,000 

original defibnnated blood as to its vasoconstrictor activity One experiment. 
No 40, was performed on a solution of pure platelet substance, 20 c c of 
which were dialyzed against an equal volume of Ringer-Locke solution for 
twenty hours The dialyzate was removed and tested, and then replaced bj 
fresh Ringer-Locke solution This exchange was repeated at fifteen-minute 
intervals, five times in all, and the dialyzator remaining in the membrane was 
tested for vasoconstrictor action 

Results — The vasoconstrictor substance both of defibnnated blood 
and of platelets passed thiough the celloidin membrane very readily 
In Experiment 36 a nine-hour dialyzate of 200 c c of defibnnated 
blood against 50 c c of Ringer-Locke solution caused a maximal con- 
striction In Experiment 38 a dialyzate of defibnnated blood caused 
a maximal constriction after only thirty-five minutes In Experiment 


594 


T C JANEIVAY~H B RICHARDSON— E A PARK 


ARCH 


109 dialysis of defibrinated blood against repeated changes of Ringer- 
Locke solution so far reduced the activity of the dialyzator that it 
became only about a third as active as the original defibrinated blood 
The effect of the twenty-hour dialyzate of platelet substance is shown 
in Figure 12, Experiment 40 A marked vasoconstriction resulted 
Five subsequent changes of the dialyzate for fresh Ringer-Locke solu- 
tion had the result that the dialyzator was rendered totally inactive 
Discussion — The vasoconstrictor substance both of defibrinated 
blood and of platelet passes readily through a celloidin membrane 
The former can be almost completely, the latter completely, removed 
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Fig 12 — Experiment 40 Ox carotid Aqueous extract of pure platelets of 
ox restored to tonicity and dialyzed against an equal volume of Ringer-Locke 
solution Effect of dialyzate shown Time in half minutes 


by repeated dialysis In this respect again defibrinated blood and 
platelet extract are similar The rapidity and completeness of the 
dialysis is further evidence against the identity of the vasoconstrictor 
substance with protein 

Qualitative Tests — Several active solutions were tested for protein 
The dialyzate of defibrinated blood of Experiment 36 was tested by 
means of the heat-acid, biuret, potassium ferrocyanid and acetic acid, 
phosphotungstic acid and sulphuric acid tests An active extract of 
platelet substance by means of chloroform and another by means of 
alcohol were examined with the biuret test All these tests were 
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negative It is possible, therefore, to obtain active vasoconstrictor sub- 
stance free from protein 

Exh action m Relation to Protein — By the methods already 
described, five alcohol extracts, five ether extracts and six chloroform 
extracts of platelet substance were made All of the first, three of 
the second, and four of the third caused definite or marked vasocon- 
striction As protein is precipitated by all these fluids,^^ the extracts 
are protein-free, as was demonstrated in the two qualitative tests 
described The presence of vasoconstrictor substance in these extracts 
IS therefore further evidence against its being a protein 

Summaiy and Discussion — These results bring out several points 
in common between the vasoconstrictor substance of platelets and that 
of defibnnated blood Both constrict the coronary artery and both 
resist boiling for a short period Both dialyze very readily These 
results substantiate the conclusion already reached that both sub- 
stances have the same origin, that is, the platelets The action on the 
coronary artery of both substances is diametrically opposed to that of 
epinephnn The vasoconstrictor substance of the platelets is not pre- 
cipitated by heat and acid, dialyzes readily and completely, is present 
m vasoconstrictor material that is protein-free, and also m numerous 
active extracts obtained by means of fluids in which protein is insolu- 
ble — alcohol, chloroform and ether It is therefore neither epinephnn 
nor protein 

Extraction — The method of preparing the extracts has already 
been described That of comparing different fluids with respect to 
the contents of vasoconstrictor substance follows 

Method — Since different test objects varied m their sensitiveness, it viias 
necessary to compare the different fluids on the same test object As most of 
the constrictions were very marked, and of a type which persisted for an 
indefinite period, even after washing with Ringer-Locke solution, some method 
of relaxing the arterial strip to its original tonus was necessary Sodium 
nitrite in a concentration of 1 10,000 in Ringer-Locke solution served this 
purpose A prompt fall, sometimes after a short further rise, resulted The 
preparation was then washed several times with Ringer-Locke solution, and 
after coming to its original level, was again used This stimulation of the 
preparation, first by constricting agents and then by dilating agents, did not 
impair the sensitiveness of the preparation The advantage of this method lies 
in the ability to use the same test objects for successive tests at relatively 
short intervals of not more than half an hour Two methods of comparing 
different substances were used The first consisted in comparing the vaso- 
constriction produced by them at the same dilution, a comparison which proved 
less accurate than the second method unless gross differences were present 
The other consisted in making parallel series of dilutions of the two sub- 
stances Beginning with the highest dilution of the first substance, the dilu- 
tions were tested in order until a definite constriction of the arterial strip took 

44 Hammarsten, O A Textbook of Physiological Chemistry, John Wiley 
& Sons, New York, 1909, p 61 
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place Each dilution was washed out with several changes of Locke’s solution 
Thus what might be called the threshold concentration was determined This 
determination was repeated with the second substance That substance which 
caused a constriction at the greater dilution was judged the more vasocon- 
strictor of the two In order to prove that the sensitiveness of the preparation 
had not changed, the threshold concentration of the first substance was rede- 
termined In comparing extracts with residues it was found, however, that 
dilution by weight and volume gave misleading results, since the extracts 
contained no salts, whereas the residue contained a relatively large bulk of 
them For these reasons comparisons were instituted on the basis of the 
volume of the blood from which the platelets were obtained Both extract and 
residue were made up to this volume, or else to some simple multiple or 
fraction of it This method furnished a basis for comparison which was unin- 
fluenced by the amount of impurities m the fluids examined 


TABLE 6 — Absolute Alcohol Extraction or Platelet Substance 


Evper 

Constriction 

Material 

Method 

Time 

Temperature 

Concentration 

75 

+++ 

Extract 

Evap Dish 

10 min 

Room 

1 1,000 


++ 

Residue 

Evap Dish 

10 min 

Room 

1 10 

92 


Extract 

Soxhlet 

l%hr 

Warm 

Vol =10 c c 


Trace 

Residue 

Soxhlet 

11/2 hr 

Warm 

Vol = 10 c c 

94 

4- 

Extract 

Soxhlet 

3 hr 

Warm 

1 16* 


Trace 

Residue 

Soxhlet 

3 hr 

Warm 

1 1 * 

114 

+++ 

Extract 

Soxhlet 

4 hr 

Warm 

1 1* 


+ 

Residue 

Soxhlet 

4 hr 

Warm 

25 1* 

Ihl 


Extract 

Evap Dish 

314 hr 

Room 

Diluted 1 2 


++ 

Residue 

Evap Dish 

3% hr 

Room 

Undiluted 


* Concentration in terms of originnl blood volume 


Alcohol Exti action — Five experiments were performed The 
results are shown in Table 6 In Experiment 75, extraction with 
absolute alcohol at room temperature for ten minutes yielded a product 
which caused a maximal constriction when diluted 1 1,000 with 
Ringer-Locke solution, whereas the residue caused a less marked con- 
striction when diluted 1 10 In Experiment 92, extraction for one 
and one-half hours by means of the Soxhlet apparatus yielded a 
product which caused a maximal constriction when diluted with 10 c c 
of Ringer-Locke solution, whereas the residue, diluted to the same 
volume, caused onl)’- a trace of constriction In Experiment 94 similar 
extraction for three hours yielded an extract which caused a moderate 
constriction at a concentration of 1 16 The residue caused even less 
constriction at a concentration as high as 1 1, both concentrations 
being expressed in terms of original blood volume The same relation 
is apparent in Experiment 114, which will be described in detail 

Method — Defibrinated blood was obtained from the ox Two liters of 
citrated blood were also obtained, and divided into two 1-liter portions From 
each liter the platelets were isolated bj' centrifuging in the usual manner 
The materials used in the experiment were obtained as follows 

A Platelets from 1 liter of blood were ground up with plaster-of-Paris and 
distilled water and the mass was allowed to dri It was kept on ice and on 
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the following dajf extracted in the Soxhlet apparatus over a water bath, with 
50 cc of absolute alcohol, for four hours The extract w^as then evaporated 
to dryness on the electric stove under a current of air, and was rather hot 
when removed The gummy substance on the dish was taken up with 100 c c 
of Ringer-Locke solution, filtered, and diluted for testing This was called A 
The plaster residue was taken up with 20 c c of water, and 20 c c of double 
strength Ringer-Locke solution added This was called A residue 

B Platelets from the other liter of blood were kept on ice overnight, then 
rubbed in a mortar with 50 c c of water, then 50 c c of double strength Ringer- 
Locke solution added, and dilutions made for the tests This was called B 
C Defibrinated blood was kept on ice over night and diluted for testing 
This was called C 

All dilutions were made on the basis of original blood volume The con- 
centrations are expressed as fractions or multiples of that concentration which 
resulted when the substance was made up to original blood volume For 
example, 1 20 means a concentration 1 20 of this standard, 25 1 means 
twenty-five time as concentrated, and 1 1 means the same concentration as the 
standard 

Results — ^The results are shown in Figure 13 Defibrinated blood 
(C) caused a sharp constriction at 1 50 The alcohol residue (A 
residue) caused a relatively slight constriction at 25 1 The alcohol 
extract (A) tested in samples of increasing concentration, caused an 
extreme constriction at 1 1 The platelets (B) tested in a similar 
fashion, caused a definite constriction at 1 20 Defibrinated blood 
(C) again caused a sharp constriction at 1 50, showing that the 
arterial strip had not lost in sensitiveness Finally, the platelets (B) 
caused an extreme constriction at 1 10 

The threshold concentrations of the four substances expressed m 
terms of original blood volume were 


Defibrinated blood 

(C) 

1 

50 

Platelets 

(B) 

1 

20 

Alcohol extract 

(A) 

1 

1 

Alcohol residue 

(A res ) 

25 

1 


From these figures it will be seen that the platelets were % as 
active as the defibrinated blood That is, % of the total potential 
vasoconstrictor power of blood was recovered in the platelets, in spite 
of the unavoidable loss occasioned by centrifuging The alcohol 
extract was %o as active as the platelets, and the residue %5 as active 
as the extract 

In Experiment 161 the residue produced about the same constric- 
tion as the extract in twice as great a concentration, a result less 
striking than those enumerated above 

The extracts in all five experiments yielded much more vasocon- 
strictor substance than the residue This result was naturally most 
striking in the experiments in which, as in Experiment 114, the extrac- 
tion was performed by means of the Soxhlet apparatus, but it was also 
true in the experiments in which it was performed by stirring at room 
temperature m an evaporating dish for a relatively short penod 
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Ether Exti action — The results of ethereal extraction aie shown 
in Table 7 In Experiment 80, extraction at room temperature yielded 
a product which caused a moderate relaxation when diluted with 
Ringer solution 1 2,500 The dried platelet substance from which this 
extract was made caused a moderate constriction when diluted the 
same amount In Experiment 84 extraction for one hour in the 
Soxhlet apparatus failed to yield a product which, when diluted with 
10 c c of Ringer-Locke solution, had any effect on the excised artery 
Only after overnight extraction was an active pioduct obtained The 
like IS true of Experiment 90, in which the extract by means of the 
Soxhlet apparatus for one hour caused only a trace of coiisti iction 
Extract from the same material from the second to the twelfth hour 
inclusive caused a moderate constriction at a dilution about fifteen 
times as great In Experiment 92 the extraction was continued over- 


TABLE 7 — Ether Extraction of Platelet Substance 


Exper 

CoDHtnction 

Material 

Method 

Time 

Temperature 

Concentration 

80 

Relaxation 

Extract 

Evap Dish 

35 mm 

Room j 

1 2,500 


+ 

+ 




1 2,500 

84» 

0 

Extract 

Soxhlet 

Ihr 

Warm 

10 c c Eocke 



Extract 

Soxhlet 

Overnight 

Warm 

10 c c Locke 

90 

Trace 

Extract 

Soxhlet 

1 hr 

Warm 

1 870 


+ 

Extract 

Soxhlet 

2 12 hrs 

W arm 

1 120 000 

92 

+++ 

Extract 

Soxhlet 

Overnight 

Warm 

Vol zrlOCC 


+ + 

Residue 

Soxhlet 

Overnight 

Warm 

Vol =10CC 


* Platelets obtained from % liter of blood in each extraction 
t Original Subs not extracted 


night and the products diluted with 10 c c of Ringer-Locke solution 
The extract caused a maximal constriction, the residue a constriction 
that was almost maximal The results may be summarized by saying 
that extraction by ether for a period of an hour or less, whether in an 
evaporating dish or in the Soxhlet apparatus, yielded little or no vaso- 
constrictor substance, and that although overnight extraction yielded 
an extraction somewhat more active than the residue, the activity of 
the two was of the same order 

Chlorofoun Exti action — ^The results are shown in Table 8 In 
Experiment 49, extraction of dried platelet substance for a few min- 
utes at loom temperature yielded a product which, when dried and 
diluted with 25 c c of Ringer-Locke solution, caused only a trace of 
constriction In Experiment 52, a similar process yielded an extract 
which caused a moderate constriction and a residue which caused a 
maximal constriction, both being diluted to the same extent In 
Experiment 78 the extract, when diluted with 6 c c of Ringer-Locke 
solution, caused only the same amount of constriction as the residue 
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when diluted with 250 cc In these experiments, short extraction at 
room temperature yielded an extract much less active than the residue 
In Experiment 92, extraction by means of the Soxhlet apparatus 
yielded a product which had no effect on the excised arterial strip 
when diluted to a volume of 10 c c , whereas the residue when diluted 
ta the same volume, caused a maximal constriction As the overnight 
extraction in this experiment proceeded very slowly, it was continued 
for one and one-half hours over a boiling water bath In Experiment 
94, extraction by the same apparatus over a water bath for three hours 
yielded an extract which caused the same constriction as the residue 
only when five times as concentrated These results may be summar- 
ized by saying that little or no active substance was extracted by 
chloroform in a period of ten minutes or less, and that the amount 
obtained by more prolonged extraction was considerably less than that 
remaining in the residue 


TABLE 8 — Chloroform Extraction of Platelet Substance 


Exper 

Constriction 

1 

Material 

Method 

Time 

! 

Temperature 

Concentration 

49 

Trace 

Extract 

Evap Dish 

Minutes 

Boom 

Undiluted 

62 

+ 

Extract 

Evap Dish 

Minutes 

Boom 

Vol = 10 c c 


+++ 

Besidue 

Evap Dish 

Minutes 

Boom 

Vol =10cc 

78 

++ 

Extract 

Evap Dish 

10 minutes 

Room 

Vol = 6 c c 


++ 

Hesidue 

Evap Dish 

10 minutes 

Room 

Vol 1=250 c c 

' 92 

0 

Extract 

Soxhlet 

Overnight 

Warm 

Vol =10 c c 


+++ 

Besidue 

Soxhlet 

Overnight 

Warm 

Vol =10CC 

94 

0 

Extract 

Soxhlet 

3 hours 

Warm 

1 2» 



Extract 

Soxhlet 

3 hours 

Warm 

5 1* 


++ 

Residue 

Soxhlet 

3 hours 

Warm 

1 1* 


• Concentration m terms of original blood volume 


Qu-ahtaHve Tests foi Cholesteiol — In Experiment 94, referred to 
in Tables 6 and 8, two extracts were tested for cholesterol by means 
of the acetic anhydrid — sulphuric acid (HjSO^) test The first, a 
chloroform extract, contained a bare trace of cholesterol, estimated at 
0 00001 gm , the second, an alcohol extract, although ten times as 
powerful, gave an even fainter reaction for cholesterol 

Summary — The readiness with which the vasoconstrictor sub- 
stance is extracted by means of alcohol, contrasted with the difficulty 
with which it IS extracted by chloroform and ether, throws some light 
on its chemical nature It almost certainly excludes it from the group 
of cholesterol and allied substances This statement receives support 
from the qualitative tests for cholesterol The possibility that the 
alcohol in the Soxhlet experiments was warm enough to extract choles- 
terol, does not vitiate this conclusion, because even at room tempera- 
ture a relatively short period of extraction with alcohol sufficed to dis- 
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solve the greater part of the vasoconstrictor substance That the 
results failed to show a sharp distinction betweerLthe action of the two 
types of extractives may be explained in one of two ways either more 
than one vasoconstrictor substance is present in the platelets, or the 
solubilities of a single substance are modified by the presence of a 
complex group of impurities 


PART IV 

RELATION OF THE VASOCONSTRICTOR SUBSTANCE TO THE 
FACTORS CONCERNED IN THE COAGULATION 
OF THE BLOOD 

Although our study of this phase of the subject was partly inci- 
dental to other observations and cannot be regarded as complete, it 
seems worth recording It was considered from the point of view, 
first, of the time relation of the elaboration of the vasoconstrictor sub- 
stance to the formation of the blood clot, second, of the effect of 
certain of the factors concerned in coagulation , and third, of the effect 
of heat on the vasoconstrictor substance as compared to the effect of 
certain of the factors concerned in coagulation In discussing these 
factors the terminology of Howell’s theory^® will be used 

Method — To determine whether or not the elaboration of the vasocon- 
strictor substance preceded the formation of clot, a specimen of blood con- 
taining no anticoagulant was withdrawn from the carotid artery of the dog 
and brought into contact with an arterial strip within thirty seconds, and the 
effect noted Absence of coagulation was judged by the fact that the fluid 
could still be aspirated through a small glass tube In another experiment the 
effect of gross coagulation on the arterial strip immersed in an avian plasma 
was observed, the onset of coagulation being judged by the cessation of the 
bubbles of oxygen In three experiments the effect of citrated blood of the 
dog on the arterial strip was noted m connection with very careful examina- 
tion for macroscopic clots Of the coagulation factors, thromboplastin was 
obtained by making tissue extracts Kephalin was prepared from the brain 
of the dog The larger vessels Avere dissected away, and the brain ground in 
a mortar with sand (Kahlbaum) in the presence of distilled water Double 
strength Ringer-Locke solution was then added in volume equal to that of the 
distilled water, and the mixture Avas filtered Extracts Avere made by means 
of Ringer-Locke solution of brain, spleen, and bone marrow, of the dog 
and of thymus and lymph nodes of the ox The thrombin Avas very kindly 
furnished by Dr HoAvell Prothrombin Avas obtained from plasma of the dog 
by HoAvell’s method'*'’ The brain extract AA'as tested for thromboplastic activity 
on one occasion and found to coagulate herudin plasma The thrombin Avas 
also tested and found to coagulate both herudin blood and plasma No sys- 
tematic tests of the activity of the coagulation factors Avas undertaken In 
regard to the effect of temperature, the behavior of the platelet extract Avith 
respect to heat has been described in Part III, and that of the coagulation 
factors has been studied by other investigators 

Results That the elaboration of the A^asoconstnctor substance 
precedes the formation of macroscopic clot is shown by an experiment 


45 Howell, W H Am Jour Physiol , 1911, 29, 187 
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in which a specimen of blood was withdrawn from the carotid artery 
of the dog without the use of anticoagulant, and placed in contact with 
the artery preparation within thirty seconds An abrupt powerful 
constriction resulted That coagulation was not yet complete was 
shown by the fact that after the writing point had risen 2 inches on 
the drum, removal of the blood by aspiration through a narrow tube 
was accomplished Again, an avian plasma, obtained by centrifuging 
blood of the hen in the cold, caused a great but gradual constriction 
which lasted for several minutes before the completion of coagulation 
was shown by the cessation of the flow of oxygen This event was 
without further influence on the curve Moreover, in three experi- 
ments in which citrated blood of the dog caused a definite, though 
moderate, constriction, subsequent examination of the blood by passing 
it through a fine sieve demonstrated that macroscopic clotting had not 
yet occurred These observations indicate that elaboration of vaso- 
constrictor substance precedes the development of the clot and are in 
accordance with those already cited by Kahn^® and Stewart and 
Zucker 

As to the factors concerned in coagulation, a single experiment on 
prothrombin showed that it failed to influence the excised artery The 
same was true of a mixture of thrombin with brain extract Throm- 
boplastin as obtained from brain, spleen, and thymus produced either 
no effect or else a slight relaxation, and extracts of lymph nodes alone 
had any vasoconstrictor effect The elaboration of vasoconstrictor 
substance, then, precedes the development of a macroscopic clot, and, 
on the other hand, the coagulation factors tested failed to cause vaso- 
constriction The resistance of the vasoconstrictor substance to heat 
has already been described 

Discussion — Of the factors concerned in coagulation, fibiinogen, 
prothrombin and antithrombm are all present in the normal circulating 
blood, which, as our experiments almost certainly demonstrate, con- 
tains no vasoconstrictor substance Therefore, these factors have no 
vasoconstrictor effect in the proportions in which they occur in the 
circulating blood, and are thus unlikely to have any effect separately 
None of them is a crystalloid, whereas, we have shown the vasocon- 
strictor substance to be crystalloid Further, none of them is 
thermostable Fibrinogen is precipitated at 60 C (HowelF®) Pro- 
thrombin extracts heated to 60 C undergo a marked diminution of 
their activity (HowelP®’ Antithrombm is destroyed at 80 C Of 
the factors evolved m shed blood, thrombin, though resistant in aqueous 
solutions, IS destroyed by boiling for one minute in the presence of 
1 per cent sodium chlorid (HowelP”) Thromboplastin alone, of all 


46 Howell, W H The Archives Ixt Med, 1914, 13, 76 

47 Howell, W H Am Jour Physiol , 1914, 36, 1 
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the factors concerned in coagulation, resists heat Thus HowelP® 
obtained a splenic extract, the thromboplastic action of which was not 
affected by boiling The fact that blood platelets, as demonstrated by 
Bayne- Jones®’’ and confirmed by Howell,^® contain both prothrombin 
and thromboplastin, suggests the identity of the latter with the vaso- 
constrictor substance This suggestion receives support from the work 
of Lee and Vincent,®® who observed that the thromboplastic activity of 
platelets was not destroyed in fifteen minutes at 120 C That the vaso- 
constrictor substance is identical with the thromboplastic substance of 
blood platelets is therefore possible The fact, however, that thrombo- 
plastin IS present in all the tissue extracts mentioned, whereas the vaso- 
constrictor substance is found only m extracts of lymph nodes and of 
platelets, renders that possibility remote Solely from the behavior of 
the respective substances toward heal, the nonidentity of vasocon- 
strictor substance with any of the clotting factors may be inferred, and 
this conclusion is strengthened by our other observations already men- 
tioned It may be concluded that the vasoconstrictor substance has 
no probable relation either to the actual formation of the blood clot or 
to the factors concerned in coagulation 

CONCLUSIONS 

1 Uncoagulated blood of the ox or calf has no constrictor action 
on the excised strip of the ox carotid 

2 Blood platelets of ox, dog or pig yield an extract which has a 
powerful vasoconstrictor action 

3 Erythrocytes yield no vasoconstrictor substance 

4 Leukocytes, as represented by the cells of the pleural exudate of 
the dog, yield none 

5 Plasma can be obtained free of vasoconstrictor substance Its 
constrictor action, when present, is probably due to changes occurring 
after it leaves the blood vessels The circulating plasma of normal 
animals has probably no such vasoconstrictor action 

6 The vasoconstrictor substance (or substances) is neither protein 
nor epinephnn It is a crystalloid more readily extracted by water or 
alcohol than by ether or chloroform, and is probably not related to 
cholesterol 

7 The vasoconstrictor substance, though present in coagulated 
blood, IS not dependent on the actual formation of the blood clot, nor 
IS it related to any of the factors concerned in coagulation, with the 
possible exception of thromboplastin 

48 Howell, "W H Am Jour Phjsiol, 1912, 31, 1 

49 Howell, W H Am Jour Physiol , 1914, 35, 474 

50 Lee, R I, and Vincent, B The Archh^s Int Med, 1914, 13, 398 
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RELATION BETWEEN THE PLATELET COUNT OF 
HUMAN BLOOD AND ITS VASOCONSTRICTOR 
ACTION AFTER CLOTTING -5= 

K HIROSE, M D 

OKAYAMA, JAPAN ' 

The effect of defibnnated blood and of blood serum in producing 
contraction of arterial smooth muscle, either in a perfused organ or in 
a surviving artery suspended in a chamber, has long been observed 
It was the cause for many erroneous reports of the finding of epi- 
nephrin in the circulating blood until the work of O’Connor^ showed 
clearly that the vasoconstrictor property is not due to epinephrin, but 
IS developed in connection with the process of coagulation and is not 
possessed by blood kept fluid by anticoagulants O’Connor’s conclu- 
sions were confirmed and extended by Stewart,^ Schultz,^ Stewart and 
Harvey and Janeway and Park ° While this demonstration is of 
importance clinically, chiefly because it discredits all previous work on 
the supposed detection of epinephrin in shed blood, and invalidates all 
conclusions therefrom as to the cause of arterial hypertension, never- 
theless the problem of the origin and nature of the vasoconstrictor 
property of shed blood has an independent interest Its solution may 
not only facilitate studies on the properties of blood in hypertensive 
patients, but may have practical importance in connection with the 
purpuric diseases and the disturbances of the highly complex changes 
concerned in the coagulation of the blood 

The studies of Janeway, Richardson and Park,® reported in this 
journal, make certain that this vasoconstrictor property is developed 
chiefly, if not solely, m connection with the disintegration of the blood 
platelets The importance of the platelets as a source of the vaso- 
constrictoi substance had already been recognized by Zucker and 
Ste\\art’' and by Le Sourd and Pagniez,® but without convincing dem- 

^ Submitted for publication March 1, 1918 
From the Medical Clinic of the Johns Hopkins Hospital and the Hunterian 
Laboratory of the Department of Medicine, The Johns Hopkins University, 
Baltimore 

1 O’Connor, J M Munchen med Wchnschr, 1911, 58, 1439, Ibid, Arch 
f exper Path u Pharm , 1912, 67 , 195 

2 Stewart, G N Jour Exper Med, 1911, 14 , 377 
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4 Stewart, H A , and Harvey, S C Jour Exper Med , 1912, 16 , 103 

5 Janeway, T C , and Park, E A Jour Exper Med , 1912, 16 , 541 

6 Jane^\ay, T C, Richardson, H B, and Park, E A This issue, p 565 

7 Zucker, T F , and Stewart, G N Zentralbl f Physiol , 1913, 27 , 85 

8 Le Sourd, L , and Pagniez, Ph Compt rend Soc de biol , 1914, 1 , 587 
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onstration In connection with the work reported by Janeway, Richard- 
son and Park,® the experiments which follow were carried on in an 
endeavor to add a further link to the chain of evidence connecting 
the blood platelets with the development of vasoconstrictor properties 
by shed blood 

The experiments consisted in the comparison of the degree of vaso- 
constriction produced in the same ox artery by two specimens of 
defibrmated human blgod of known platelet content The strength of 
vasoconstrictor action was estimated in two ways (1) By the form 
and height of the curve written on the drum by the lever connected 
with the artery, (2) by determining the extinction point of the vaso- 
' constrictor action in successive dilutions of the blood, that is, the 

threshold concentration of vasoconstriction Details of the various 
methods employed follow 

So far as I have been able to discover, this is the first systematic 
comparison of platelet count with vasoconstrictor effect It is true 
that Sakai and Hiramatsu® compared the blood serum of patients suf- 
fering from beriberi with that of normal persons, using as a standard 
the effect of a known concentration of epinephrm In this disease 
they found the blood platelets to average three times the normal They 
undertook, however, no systematic count of the blood platelets of those 
patients whose serum they examined With reference to the subject 
of this paper, their work may be regarded as suggestive rather than 
conclusive 

METHODS 

Of the methods employed for the clinical estimation of the number of blood 
platelets iti the circulation, that of Wright and Kinnicutt” seemed the most 
practicable The principle of this method is the use of special staining solu- 
tions in conjunction with the ordinary apparatus used in estimating the red cor- 
puscles of the blood These solutions are two m number (1) potassium cyanid 
m 1 400 solution, and (2) cresyl blue in 1 300 solution These were kept 
separately on ice and mixed in the proportion of 3 2 immediately before count- 
ing The mixture was filtered A drop of blood was taken from the ear of 
the patient by means of a needle and drawn into a 1 100 diluting pipet, such 
as IS used in the ordinary estimation of red corpuscles The special solution 
was then drawn up to the 101 mark and the counting was carried out as for 
red corpuscles The effect of this solution was to remove the ordinary cells 
and leave stained platelets The Thoma-Zeiss apparatus was used as a counting 
chamber As the special thin cover glasses recommended by Wright and 
Kinnicutt for counting of platelets were not available, those furnished by Zeiss 
were used In counting, certain precautions were obser\ed The cells were 
counted as soon after mixing as possible Dust was carefully avoided, as its 
particles are often the same size as the platelets, although usually distinguishable 
by their dark staining and irregular outlines Results were checked m every 
case by a second count The estimations were made on the day of the experiment 

The test object used m these experiments is a modification of Meyer’s excised 

9 Sakai, S , and Hiramatsu, T Mitt a d med Fak d kais Univ zu 
Tokyo, 1914, 13 , 177 

10 Wright, I H, and Kinnicutt, R Jour Am Med Assn, 1911, 56, 1457 



606 


K HIROSE 


ARCH 


strip of the ox carotid It has been described in detail in the paper by Janeway, 
Richardson and Park® A brief description is sufficient here From the carotid 
artery of the ox a ring was cut This ring was cut open, ligatured at each 
end, and suspended in Locke’s solution in such a way that the tension was 
exerted on the circular muscle fibers The upper end of this strip was attached 
to the short arm of a lever, the long end of which wrote on a drum with a 
magnification of 15% Through the solution a constant stream of oxygen was 
kept bubbling Artery and solution were contained in a small test tube which 
was suspended in a large water bath maintained at 38 C by means of an electric 
thermostat Through a tube fused to the bottom of the test tube the fluid 
could be aspirated, and then replaced from above by means of an ordinary 
pipet This arrangement permitted complete exchange of fluid with a minimum 
of mechanical disturbance The arteries were collected in ice-cold Locke’s solu- 
tion and kept on ice until needed The excised strip was stretched with a 
weight of 90 gm for twenty minutes, at the end of which the weight was 
reduced to a load of 30 gm for the experiment It was then allowed to come 
to equilibrium 

Twenty c c of blood were withdrawn from the vein of the patient’s arm 
by means of a needle and syringe The blood was defibnnated immediately by 
beating it with a rubber brush in an evaporating dish In each experiment com- 
parison was made between the blood of two patients with reference to their 
platelet count, a blood of high platelet count with one of low platelet count 
Since different test objects varied in their sensitiveness, it was necessary to com- 
pare the different specimens on the same test object The obvious method of 
so doing, that is, comparison of the degree of constriction produced by the two 
specimens, having proved unreliable, another method was adopted Parallel 
series of dilutions were made of the two specimens Beginning with the highest 
dilution of the first specimen, the dilutions were tested in order until a definite 
reaction on the part of the arterial strip took place Each specimen was 
washed out by three changes of Locke’s solution Thus, what might be called 
the threshold concentration was determined This determination was repeated 
with the second specimen That specimen which caused a constriction at the 
higher dilution was judged the more vasoconstrictor of the two In order to 
make sure that the sensitiveness of the preparation had not changed, the 
threshold concentration of the first specimen was redetermined By this means 
a comparison of vasoconstrictor effect was attained which was far more accurate 
than any attempt to judge the degree of constriction produced by the undiluted 
blood 

RESULTS 

Fourteen experiments were performed, in which blood from 
twenty-eight patients was examined The results are indicated in 
Table 1 Perhaps the meaning of the table will be best illustrated by 
an example, say Experiment 8 In this, blood from a patient whose 
platelets numbered 205,000 caused a definite constriction in a dilution 
of 1 8 Blood from another patient whose platelets numbered 248,000 
caused a constriction in the same dilution Therefore, both samples 
had about the same vasoconstrictor effect Again, m Experiment 6, 
blood from a patient whose platelets numbered 51,000, diluted with 
an equal volume of Locke’s solution, gave no constriction, whereas 
blood from a patient whose platelets numbered 491,000 gave a very 
marked constriction when diluted with two volumes of Locke’s solu- 
tion In this case the second sample had much the greater constrictor 
effect If, then, this table is examined with reference to the degree of 
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TABLE 1 — Datv or Experimlnts 


Expen 

ment 

No 

Date 


Source of Blood 

Platelet 

Count 

Dllu 

tion 

Degree 
of Con 
strietion 

Med Nrt : 

! ! 

Diagnosis 

T 

5/23/17 

3S142 

Pernicious anemn 

85,000 

1 25 

1 10 




37838 

Syphilis (W), aneurism of arch of 
aorta 

202,000 

1 25 

-1- 

II 

6/ 4/17 

38070 

Syphilis (W), syphilis of aorta, di 
lated aortic arch aortic insulB 
eiency, myocardial msufflciency 

270,000 

1 10 

1 5 

Zf. 

+ 



37880 

Carcinoma of stomach, tuberculosis 
of pleura 

867,000 

1 10 

+ 

III 

6/11/17 

37961 

Cirrhosis of liver 

95,000 

1 5 

1 1 

— 



38000 

Chronic nephntis (?), In pci tension 

235,000 

1 25 

+ 

IV 

6/25/17 

38113 

Chrome myeloid leukemia 

332,000 

1 2 

nr 



38028 

Chionie myeloid leukemi i 

868,000 

1 4 

+ 

V 

7/ 9/17 

38136 

Syphilis (W), secondary anemia 

63,000 

1 1 

— 

1 


38215 

Chronic infectious arthritis, pyor 
rhea alveolaris, intestinal para- 
sitism (Ascaris lumbricoidcs) 

1 

218,000 

,12 

+-!-+ 

VI 

1 

7/23/17 

38551 

Pernicious anemia 

51,000 

1 1 

— 



38285 

1 

Pulmonary tuberculosis pyorrhea 
alveolaris, visceroptosis 

491,000 

1 2 

+ + 4 - 

VII 

9/14/17 

Genl No 
119451 

Myeloid leukemia 

48,000 

1 1 

+ 



38479 

Pellagra ’ 

283,000 

1 2 

+ -^T 

VIII 

9/19/17 

Genl No 
120097 

Pernicious anemia 

205,000 

1 8 

+ 



38484 

Arteriosclerosis hypertension, rayo 
cardial insufficiency, chronic ne 
phntis 

248,000 

1 8 

J- 

1 

IX 

10/ 9/17 

Genl No 
119451 
Genl No 
120268 

Myeloid leukemia 

Chronic nephritis 

33,000 

246,000 

1 1 

1 2 

+ —^ 

X 

10/12/17 

Genl No 
120652 

Pernicious anemia 

81,000 

1 4 

1 2 

a- 



38628 

! 

Polycythemia, cerebral thrombosis, 
hemiplegia (right), aphasia 

346,000 

1 2 
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TABLE 1 — Data or Experiments — (Continued) 


Evperi 

ment 

No 

i 

Date 


Souice of Blood 

Platelet 

Count 

Dilu 

tion 

Degree 
of Con 
striction 

Med No 

Diagnosis 

XI 

10/17/17 

Genl No 
120680 

1 

Cliionic nephritis, secondary 

menu a 

189,000 

1 8 1 
1 4 1 

+ 



38628 

Polycythemn 

314,000 

1 1 

+ 

XII 

10/30/17 

Genl No 
38636 

Pernicious anemia 

47,000 

1 1 




120781 

Acute nephritis with purpura 

180,000 

1 2 

+++ 

XIII 

11/ 2/17 

Gen] No 
120597 
Genl No 
121133 

Pernicious anemia 

Banti s disease 

142.000 

439.000 

1 8 

1 8 

i 

+ 

+ 

XIV 

11/ 6/17 

Genl No 
121183 
Genl No 
121133 

Cirrhosis of liver 

Banti’s disease 

39,000 

302,000 

1 2 

1 2 

L 

+ 


Degree of constriction indicated by plus and minus signs — = no constriction, 
-t- = constriction of one preparation and not of another, + = definite constriction, 
++ = moderate constriction, +++ = marXed constriction 

Under dilutions the figures indicate the number of volumes of blood in relation to the 
number of volumes of Locke’s solution used m diluting Thus, 1 1 means 1 volume diluted 
with 1 volume of Locke’s solution 

constriction as compared to the amount of dilution, it will be seen that 
blood from patients of a higher platelet count caused constriction at a 
higher dilution than blood taken from patients of a low platelet count , 
that IS, in the former case, the threshold concentration is less In 
Experiment 11 only was the lower platelet count associated with the 
greater constriction In this experiment the difference m platelet 
count was relatively slight, 189,000 as compared to 314,000 In 
Experiments 13 and 14, bloods of different platelet count caused the 
same constriction Out of fourteen experiments, then, eleven show a 
direct proportion between platelet count and constrictor effect, one 
experiment only shows the reverse, and two experiments are equivocal 
Examples of the curves obtained are shown in Figures 1 to 4 In 
Figure 1, blood from two patients was compared, the first having an 
abnormally high platelet count (868,000), the second a normal count 
(332,000) Neither blood caused a definite constriction when diluted 
with eight parts of Locke’s solution, as seen on the curves at “II^” 
and “L/k ” These figures indicate that one volume of blood was diluted 
with eight volumes of Locke’s solution The blood of high platelet 
count, Blood II, caused a definite constriction at a dilution of 1 4, 
Blood I, of lower platelet count, not until a dilution of 1 2 was 
reached Also the greater constriction caused by the former blood at 
each dilution is evident at a glance This figure exemplifies the 
greater vasoconstrictor effect associated with a platelet count above 
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normal In Figure 2, Expeiiinent 5, blood of an abnormally low 
platelet count (63,000) is compared with blood of a normal platelet 
count The former had no effect when diluted with an equal volume 
of Locke’s solution as shown under “lYi,” whereas the latter caused 
a very marked constriction in a dilution of 1 2, as shown under “ 111/2 ” 
A second test of the first blood was again without effect This figure 
illustrates the lesser vasoconstrictor activity of a blood of lower plate- 
let count In Figure 3 the platelets show a similar relation, and the 
curves almost exactly duplicate those of the preceding figure In 



Fig 1 —Experiment IV Effect of defibrmated blood in increasing concen- 
tration The fractions indicate the degree to which the blood was diluted 
Blood II Defibrmated blood from a patient whose platelets numbered 868,000 
per cmm Blood I Defibrmated blood from a patient w'hose platelets num- 
bered 332,000 per cmm Time minutes 



1 4 . ) l . I I . . . I-.-M ► ■!»-+ 

Fig 2 — Experiment V Blood I Blood platelets, 63,000 Blood II Blood 
platelets, 218,000 Time minutes and half minutes (clock out of order) 


Figure 4 it is demonstrated that bloods of approximately the same 
platelet count yield curves almost exactly parallel In fact, the curves 
produced by Blood II might be fairly accurately superimposed on those 
of Blood I The same parallelism was observed with each of two 
different artery preparations The figure further exemplifies the fact 
that the relation between the effects of two samples of blood remained 
the same with a second test-object as with the first 

Although, as already stated, different test objects \ary to such an 
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extent that no exact normal standard for the threshold concentration 
IS possible, nevertheless a certain rough normal standard can be 
observed Blood taken from patients whose platelets numbered less 
than 100,000 was distinctly below this standard Nine such specimens 
were examined Of these, five caused no constriction when diluted 




Fig 3 — Experiment VI Blood I Blood platelets, 51,000 Blood II Blood 
platelets, 491,000 Time minutes 



ftytfry x 

Fig 4 — Experiment VIII Showing the effect of the same materials on two 
different preparations, Artery I and Artery II Blood I Blood platelets, 

205.000 Blood II Blood platelets, 248,000 Time minutes 

with an equal volume of Locke’s solution The platelet counts in 
these five experiments were 95,000, 63,000, 51,000, 33,000, and 

47.000 In Table 2 are shown the platelet counts of those cases which 


TABLE 2 — Comparison of Platelet Counts 


Expen 

Blood Giving No Constriction 

Blood Giving Constriction 

ment - 
No 

Diagnosis 

Platelet 

Count 

Diagnosis 

Platelet 

Count 

I 



Pernicious anemia 

85,000 




Syphilis CW), aneur%sm of arch 
of aorta 

262,000 

11 



Syphilis (W), syphilis of aorta, di 
lated aortic arch, aortic insufd 
ciency, myocardial insufficiency 

270,000 




Carcinoma of stomach, tuberculosis 
of pleura 

867,000 

III 

Cirrhosis of liver 

95,000 

Chronic nephrtis (’), hypertension 

235,000 

I'V 



Chronic myeloid leukemia 

332,000 




Chronic mjeloid leukemia 

868,000 

! 

V 

Syphilis (W), secondary 
anemia 

63,000 

Chronic infectious arthritis (spine), 
pyorrhea alveolaris, intestinal 
parasitism (Ascaris lumbricoides) 

218,000 

VI 

Pernicious anemia 

51,000 

Pulmonary tuberculosis, pyorrhea 
alveolaris, visceroptosis 

\ 

491,000 

VII 



Myeloid leukemia 

48,000 




Pellagra (?) 

283,000 

VIII 



Pernicious anemia 

205,000 




Arteriosclerosis, hypertension, 

chronic nephritis, m 3 0 cardial in 
sufficiency 

248,000 


Myeloid leuXemia 

33,000 

Chronic nephritis 

246,000 

X 



Pernicious anemia 

81,000 




Polycythemia, cerebral thrombosis, 
hemiplegia (right), aphasia 

346,000 

XI 



Chronic nephritis, secondary anemia 
Polycythemia 

t 

, 189 000 
' 314,000 

XII 

Pernicious anemia ' 

47,000 

Acute nephritis vrith purpura 

180,000 

1 

XIII 



Pernicious anemia 

Banti’s disease 

1 

142.000 

439.000 

XIV 



Cirrhosis of liver 

Banti’s disease 

39,000 

302,000 
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caused no constriction in the dilution indicated, as compared to those 
that did Only three specimens produced any constriction of the 
artery when diluted with two volumes of Locke’s solution, and only 
four when diluted with equal volumes Two of these were from 
cases of pernicious anemia, one from a case of cirrhosis of the liver 
and the fourth from a case of myeloid leukemia Reference to Table 
1 will show that, in general, specimens of bloods of a high platelet 
count caused constriction to a much greater degree or at a much higher 
dilution 

No relation could be detected between the type of disease and the 
degree of vasoconstriction produced by the defibrmated blood In 
other experiments blood which had the property of digesting its own 
clot was tested after the autolysis No constriction resulted 

SUMMARY 

Fourteen experiments with twenty-eight different samples of 
defibrmated human blood of known platelet count have been described 
These experiments were performed by bringing the defibrmated blood 
into contact with the surviving carotid of the ox suspended according 
to Meyer’s method and registering its degree of constriction on a 
revolving drum by means of a magnifying lever 

In these experiments bloods of about equal platelet counts pro- 
duced approximately the same degree of vasoconstriction With one 
exception, bloods of higher platelet count produced more marked con- 
striction than bloods of much lower platelet count This one excep- 
tion was the blood from a case of polycythemia with a count of 
314,000, compared with blood from a case of chronic nephiitis with a 
count of 189,000 The difference in platelet content here is relatively 
slight 

Of nine specimens of blood with a platelet count less than 100,000, 
only three produced any constriction of the artery when diluted with 
two volumes of Locke’s solution, and only four when diluted with 
equal parts of Locke’s solution Twx) of these were from cases of 
pernicious anemia, one from a case of cirrhosis of the liver, and the 
fourth from a case of myeloid leukemia 

CONCLUSIONS 

1 The vasoconstrictor effect of defibrmated human blood on the 
surviving carotid of the ox is roughly proportional to the platelet 
count of the circulating blood 

2 Bloods with platelet counts far below the normal develop little 
or no vasoconstrictor property when defibrmated 

3 These findings emphasize the relation of the blood-platelets to 
the vasoconstrictor property developed m shed blood 
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CLINICAL CALOEIMETEY 

TWENTY-SIXTH PAPER 

THE EFFECT OF A SMALL BREAKFAST ON 
HEAT PRODUCTION ' 

G F SODERSTROM, DAVID P BARR, M D . 

AND 

EUGENE F Du BOIS, MD 

NEW YORK 

Note — has been the custom of the Russell Sage Institute of Pathology 
to publish each year a group of seven or eight papers embodying the work of 
the previous season This year practically the whole staff is on active duty 
in the army or the navy and it has been considered advisable to present three 
of the papers without waiting for the whole series 

It IS hoped at a later date to publish the work on temperature regulation 
after the intravenous injection of typhoid vaccine, on metabolism in tubercular 
fever, in erysipelas, in acute and chronic arthritis, and also a summary of the 
diets that have been used in the metabolism ward It has been impossible this 
year to review the literature as fully as has been done in the other papers 
of this series 

In order to compare the metabolism of different individuals, it has 
been customary to determine in each case the basal heat production 
This means that the subject must be studied m the morning hours, at 
complete rest, twelve to sixteen hours after the last meal Hundreds 
of patients and normal controls have been examined under these stand- 
ard conditions, which are recognized in almost all the laboratories inter- 
ested in the gaseous exchanges Obviously, it would be a mistake to try 
to alter the standard conditions in any manner that would change the 
results and render them unfit for comparison with the mass of material 
already accumulated at the cost of great labor All who have experi- 
mented with large numbers of subjects, however, have been obliged to 
listen to complaints from those who object to going without breakfast 
As a rule, this is not a serious matter, but it is best to have as few 
complaints as possible from the person who is to be the subject of an 
experiment which can be profoundly affected by ill humor or ner- 
vousness 

Most observers have been afraid to allow their subject any break- 
fast, because they have believed that the specific dynamic action of the 
food would increase the metabolism above the basal level In the 

* Submitted for publication Dec 20, 1917 

♦From the Russell Sage Institute of Pathologj’-, in Affiliation with the 
Second Medical Division of Bellevue Hospital 
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TABLE 1 — Data of— 


Subject 

Date, 

Weight, 

Surface 

Area, Ht TVt 
Pormula 

Period 

End 

of 

Penod, 

Time 

Carbon 

Dio\id, 

Gm 

Ox j gen, 
Gm 

R Q 

Water, 

Gm 

Urine N 
per 
Hour, 
Gm 

Indirect 

Calo 

rimetry, 

Oal 

Heat 

Elimi 

nated, 

Cal 

J C F 

Prelim 

11 02 








11/10/16 










62 7 Kg 

1 

12 02 

20 6 

19 5 

0 77 

25 4 

0 52 

639 

704 

ISOSq 











2 

1 02 

22 4 

19 6 

083 

24 7 

0 52 

654 

690 


3 

2 07 

23 5 

19 6 

0 87 

25 3 

0 52 

661 

74 7 

J C F 

Prelim 

11 06 








11/13/16 










62 8 Kg 

1 

12 06 

22 4 

191 

0 8o 

29 0 

0 34 

643 

770 

180Sq M 











2 

1 06 

26 6 

23 2 

0 83 

28 3 

0 34 

78 0 

803 


Aver 









WHO 

Prelim 

11 19 








4/7/17 








i 


66 5 Kg 

1 

12 19 

21 7 

19 8 

0 80 

29 3 

0 39 

65 9 I 

69 6 

1 77 Sq il 








1 



2 

1 19 

21 8 

19 0 

0 84 

26 2 

0 39 

636 

678 


3 

2 19 

214 

201 

0 77 

27 4 

0 39 

66 5 

679 


Aver 









WHO 

Prebm 

12 07 








4/9/17 

66 6 Kg 

1 

1 07 

22 3 

19 5 

0 83 

291 

0 38 

654 

656 

177Sq M 











2 

2 07 

218 

212 

0 75 

28 7 

038 

69 2 

676 

D F B 

Prelim 

11 45 








11/21/16 










65 2 Kg 

1 

12 45 

23 0 

216 

0 80 

27 4 

0 55 

713 

74 3 

181Sq M 











2 

1 45 

24 6 

22 7 

0 79 

29 9 

055 

75 2 

751 


3 

2 45 

23 6 

219 

0 79 

29 3 

0 55 

721 

76 4 


Aver 







i 


D P B 

Prelim 

11 45 








11/22/16 










651 Kg 

1 

12 45 

24 3 

214 

0 82 

29 4 

0 58 

714 


1 81 Sq M 





1 






2 

1 45 

24 0 

22 7 

0 77 

30 9 

0 58 

74 4 

7o 0 


Aver 









D P B 

Prelim 

12 15 








11/24/16 










05 3 Kg 

1 

1 15 

261 

231 

0 82 

32 6 

0 57 

768 

74 7 

lS2Sq M 











2 

2 15 

24 9 

22 0 

0 83 

32 8 

0 57 

731 

73 3 


3 

3 15 

24 3 

22 5 

0 79 

32 3 

0 57 

74 2 

73 6 

E F D B 

Prelim 

11 46 








12/18/16 










73 9 Kg 

1 

12 46 

25 0 

233 

0 78 

38 0 

0 44 



190Sq M 









.. _ . 


2 

1 46 

23 6 

Leak 


37 0 

0 44 




3 

2 46 

23 6 

23 0 

0 75 

37 0 

0 44 


78 5 


Aver 










1 and 2 







76 2 
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— Calorimeter Experiments 


Direct 
Oalo 
nmetry 
(Rectal 
Temp ), 
Cal 

Rectal 
Temp , 

C 

Aver- 

age 

Pulse 

Work 

Adder, 

Cm 

Non 
protein 
R Q 

Per Cent 

Calories from 

Calories 
per Hour 

Remarks 

Pro 

tein 

Pat 

Carbo 

hyd 

Pei 

Kg 

Per 

Sq M 
(Ht -Wt ) 











Standard breakfast. 


36 3 









5 53 a m , asleep 20 











min 

686 

36 3 


10 

0 76 

22 

64 

14 

102 

35 5 

Very quiet 

65 0 

36 2 

56 

7 

0 84 

21 

42 

37 

104 

36 3 

Very quiet 

76 8 

36 3 



0 89 

23 

28 

49 

097 

33 9 

Very quiet 


36 7 

60 








Basal 

61 5 

36 4 


15 

086 




102 

35 7 

Fairly quiet 

803 

36 4 

68 

24 

0 84 




1 24 

43 3 

Restless, excluded 











from basal average 






13 

45 

42 





36 5 









Standard breakfast. 











6 35 a m 

69 3 

36 5 



0 80 

16 

59 

25 

099 


P airly quiet, slept 











35 mm 

72 4 

366 



084 

16 

45 

38 

0 96 


Quiet 

67 5 

36 6 



0 77 

15 

66 

19 

100 


Very quiet 










361 



36 5 









Basal 

64 8 

36 5 


10 

0 84 

15 

46 

39 

0 98 

37 0 

Very quiet 

64 0 

36 4 


9 

0 74 

15 

52 

S3 

104 

391 

Very quiet 


36 8 

70 








Standard breakfast. 











6 45 a m 

54 5 

36 5 


5 

0 80 

20 

55 

25 

1 09 


Very quiet 

75 3 

36 5 

64 

6 

0 78 

19 

60 ; 

21 

1 15 


Very quiet 

82 6 

36 6 

64 

7 

0 78 

20 

59 

21 

1 10 


Very quiet 










40 2 



36 9 









Basal 

671 

36 7 

69 

6 

0 83 

21 

46 

33 

110 


Very quiet 

75 8 

36 7 

64 

13 

0 75 

21 

65 

14 

1 14 


Very quiet 










40 0 



36 7 

75 








Standard breakfast. 











11 56 a m 12 01 p m 

59 7 

5 

70 

8 

0 83 

20 

47 

dS 

118 

42 4 

Asleep 15 min , very 











quiet 

87 0 

36 7 


13 

083 

20 

47 

33 

1 12 

40 4 

Very quiet 

711 

367 

67 

11 

0 78 

20 

59 

21 

114 

42 0 

Very quiet 


37 0 









Basal 

76 7 

36 9 

60 

13 







Very quiet 

716 

36 8 


12 







leak in oxygen, hour 











lost 

81 1 

36 8 

60 

15 












0 76 

15 

71 

14 

103 

401 
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TABLE 1 — Data of Calorimeter — 


Subject 

Date, 

Weight, 

Surface 

Area, Ht Wt 
Formula 

Period 

End 

of 

Period, 

Time 

Carbon 

Dioxid, 

Gm 

Oxygen, 

Gm 

i 

B Q 

Water, 

Gm 

Urine N 
per 
Hour, 
Gm 

Indirect 

Calo- 

rimetry, 

Cal 

Heat 

Elimi 

nated, 

Cal 

E F D B 

Pielim 

1 

11 37 








12/20/16 










74SEg 

1 

12 37 

26 9 

24 0 

082 

391 

0 47 


810 

190Sq M 

1 










2 

1 37 

26 3 

22 5 

085 

37 9 

0 47 


799 


3 

2 37 

24 6 

23 6 

0 76 

381 

0 47 


79 6 


Aver 







77 8 


L O’E 

Prelim 

11 56 








4/17/17 










45 8 Kg 

1 

12 56 

17 2 

15 3 

082 

29 2 

0 31 


671 

142Sq M 





f 

1 





2 

1 56 

17 9 

16 2 

080 

25 3 

0 31 
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Aver 


17 5 

15 8 

0 81 

27 2 


52 5 

66 4 


3 

2 20 









4 

3 20 

20 2 

17 3 

0 85 

27 4 

0 31 

583 

652 


5 

4 20 

19 5 

16 4 

0 87 

25 9 

0 31 

65 4 

513 


Aver 


19 9 

10 9 

0 86 

26 7 

0 31 

669 
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present paper it is possible to show that the increase caused by a small 
standard breakfast is so transient that it can safely be ignored two 
hours after the meal is taken As a result of the experiments here 
reported the custom has recently been adopted of allowing almost all 
the patients and normal controls to eat a small breakfast five or six 
hours before the observation begins In consequence of this change 
the subjects have been noticeably better humored and stand quite easily 
observations lasting until late in the afternoon Previous to the use 
of the small breakfast it was often necessary to end the calorimeter 
experiments about 2 o’clock in the afternoon, because the patients felt 
weak from lack of food 

The subject of the specific dynamic action of food has been dis- 
cussed m Papers 4, 7 and 21 of this senes,’- and it is fully reviewed 
by Graham Lusk ^ The increase in heat production following a large 
protein meal may amount to 46 per cent in man, and in the dog some 

1 Gephart, Frank C, and Du Bois, Eugene F Clinical Calorimetry, 
Paper 4, The Determination of the Basal Metabolism of Normal Men and the 
Effect of Food, The Archives Int Med , 1915, 15 , 835 Coleman, Warren and 
Du Bois, E F Clinical Calorimetry, Paper 7, Calorimetric Observations on 
the Metabolism of Typhoid Patients With and Without Food, Ibid, 1915, 15 , 
887 Aub, J C , and Du Bois, E F Clinical Calorimetry, Paper 21, The Basal 
Metabolism of Dwarfs and Legless Men with Observations on the Specific 
Dynamic Action of Protein, Ibid , 1917, 17 , 840 

2 Lusk, Graham The Elements of the Science of Nutrition, Ed 3, 
Philadelphia, 1917 
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— Experiments — ( Continued) 


Direct 
Oalo- 
rlmetry 
(Bectal 
Temp ), 
Oal 

Eectal 
Temp , 

C 

Aver 

age 

Pulse 

Work- 

Adder, 

Cm 

Non- 
protem 
E Q 

Per Cent 

Calories from 

Calories 
per Hour 

Remarks 

Pro- 

tein 

Pat 

Carbo- 

hyd 

Per 

Kb 

Per 

Sq M 
(Ht -Wt ) 


36 9 









Standard breakfast, 











11 18-11 23 a m 

76 9 

36 9 

58 

10 







Very quiet 

801 

369 

58 

10 







Very quiet 

75 5 

36 8 

58 

12 







Very quiet 





0 81 

16 

55 

29 

1 05 

41 0 



37 0 






/ 

1 


Basal 

54 5 

S70 


B 







Very quiet 

519 

369 

85 






1 15 

37 0 

Very quiet 

632 

36 9 


B 

0 81 

16 

55 

29 





37 0 







i 


Standard breakfast, 











1 58-2 06 p m 

52 9 

37 0 



0 8o 

14 

43 

43 

1 27 

411 

1 

Very quiet 

636 

37 0 

91 

B 

088 

15 

35 

50 

121 

39 0 

Very quiet 

638 

37 0 


■ 

0 87 

15 

39 

46 


401 



effect has been apparent for as long as twenty hours With carbo- 
hydrate and fat the effect is less striking, but a rise of 20 per cent is 
not uncommon Most experimenters have confined their attention to 
the results after large meals In order to study small meals the technic 
IS difficult, since it is necessary to detect changes of 2 per cent in the 
heat production 

For this reason the subjects for the following experiments were 
chosen with great care All of them were laboratory workers thor- 
oughly familiar with the calorimeter, and they appreciated the impor- 
tance of remaining quiet ' Four of the subjects were men, one was a 
woman Although their weights varied between 45 and 74 kg , they 
were all given exactly the same amount of food The standard break- 
fast selected consisted of a slice of bread (30 gm ) with 8 gm. butter 
and a cup (200 c c ) of caffein-free coffee (Kaffee Hag) containing 
10 gm cane sugar and 60 cc milk This contains 4 7 gm protein, 
9 0 gm fat and 289 gm carbohydrate, a total of 222 calories, using 
the following figures as the average composition of the foods taken 



Protein, 

Fat, 

Carbohydrate, 


Per Cent 

Per Cent 

Per Cent 

Bread 

98 

03 

53 5 

Butter 


85 0 


Sugar 



100 0 

Milk 

31 

35 

47 
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This IS very similar to the small breakfast allowed the Boy Scouts 
in Papers 12® and 27 '^ of this series In some of the experiments the 
subject took the food while in the calorimeter after two basal periods, 
in some the meal was taken at home shortly after rising 


TABLE 2 — Standard Breakfast — Summary Table 





Wt , 

Ht , 

Total 

Calories 

Cal 
per 
Sq M 

Per 

Cent 

Rela 


K3 LI MJ ULI 1/ 

e 




Birect 

Indirect 

Hr 

Basal 

to Av 
N ormal 


J 0 F 

d 

23 

62 7 

ISO 

210 4 

195 4 

35 2 


5 hours after standard 
brealvfast 

J 0 F 

d 

23 

62 8 

ISO 

1418 

142 3 

395 

—10 

No breakfast 

WHO 

d 

29 

66 5 

170 

209 2 

1961 

361 


5 hours after standard 
breakfast 

WHO 

d 

29 

66 6 

170 

128 7 

134 6 

38 0 

—4 5 

No breakfast 

D P B 

d 

27 

65 3 

177 

212 3 

218 6 

40 2 


5 hours after standard 
breakfast 

D P B 

d 

27 

65 1 

177 

142 9 

145 8 

40 0 

+1 

No breakfast 

D P B 

d 


65 3 

177 

217 8 

224 1 

41 2 


15 minutes after stan 
dard breakfast 

E F D B 

d 

34 

73 9 

179 

228 5 

* 

401 

+1 

No breakfast 

E I B B 

d 

34 

73 5 

179 

232 4 

233 3 

41 0 


15 minutes after stan 
dard breakfast 

L O’R 

9 

25? 

45 8 

156 

106 5 

104 8 

37 0 

00 

No breakfast 

L O’B 

9 


45 8 

156 

106 6 

113 7 

401 


15 minutes after stan 
dard breakfast 


g z 

y iz HOURS AFTER EATING. 

cc & 



Graphic demonstration of change in the level of metabolism following the 
ingestion of the standard breakfast The lines are drawn for each experiment 
according to the percentage dei lation from the individual’s own basal 
metabolism (Line O) 

3 Du Bois, E F Clinical Calorimetry, Paper 12, The Metabolism of Boys 
Tuelve and Fourteen Years Old Compared with the Metabolism at Other Ages, 
The Archives Int Med , 1916, 17 , 887 

4 Immediately following this paper 
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DISCUSSION OF RESULTS 

Although the senes of experiments is not as large as might 
be desired, one point is clearly demonstrated, and that is the small 
and transient character of the rise in metabolism following a small 
breakfast During the first hour after the ingestion of the food the 
increase was 12 per cent in one case and 5 and 6 per cent in the 
others In the second hour the a\erage was 2 per cent , m the third 
hour 2 per cent , and in the sixth, seventh and eighth hours the figures 
were actually 0 2 per cent lower than in the fasting, basal houi s It 
IS doubtful if a difference of 2 per cent is of any significance, because 
in basal experiments the results in hourly periods often show greater 
divergence No experiments were made more than eight hours after 
the standard breakfast, but there is no reason to suppose that theie 
v/ould be a dela)'’ed rise in metabolism after a small meal No such 
phenomenon has been seen in experiments on the specific dynamic 
action after large meals 

The standard breakfast contained approximately 222 calories, 
enough to supply the basal energy requirement of the subjects three 
to four hours When the breakfast was taken at home and the sub- 
jects traveled to the laboratory their metabolism was, perhaps, double 
^ the basal figures In either case the food or its equivalent was all 
oxidized within a few hours, and it is perfectly natural that there 
should be little or no specific dynamic action after the complete utiliza- 
tion of the food It IS obvious that we can determine the level of the 
basal metabolism within six hours of the taking of the standard break- 
fast described above The experimental conditions are made much 
easier for the subject, and it is believed that better results will be 
obtained Some may object to using the term “basal” for lesults 
obtained unless the subject is “breakfastless” or “nuchtern,” since the 
original conditions demanded that a period of twelve to sixteen houis 
must have elapsed since the last meal On the other hand, no attention 
was previously paid to the size of that meal, and it is not impossible 
that there may be some specific dynamic action fourteen hours after a 
heavy protein dinner 

This brings us to the economic question as to whether it is better 
to take two or three large meals a day or to divide the food into five 
or six small meals Judging from the results of the present experi- 
ments, the frequent meals, just supplying the energy as it is required 
would dimmish the specific dynamic action and result in a saMiig 
equivalent to, perhaps, 5 or 10 per cent of the basal metabolism, or 
about 200 calories a day Practically, it would be of little importance 
since some of the specific dynamic action of the food is utilized in the 
increased metabolism of work In this connection it is well to recall 



620 G F SODERSTROM~D P BARR—E F DU BOIS 


ARCH INT 


that Karl Thomas found that he could establish a lower nitrogen 
minimum if he took his protein food in nine small doses instead of 
taking it in three meals On the other hand, we must remember the 

waste of time in taking frequent meals and the tendency to overeat 

» 

SUMMARY AND CONCLUSIONS 

Ten experiments were made on five subjects to determine the 
extent of the rise in metabolism following a small meal The standard 
breakfast used in all observations consisted of 30 gm bread, 8 gm 
butter, 10 gm sugar, and 60 c c milk, amounting to 4 7 gm protein , 
9 0 gm fat, and 28 9 gm carbohydrate, or 222 calories In the first 
hour following the ingestion of this the heat production increased on 
an average 7 per cent , in the second hour, 2 per cent , in the third 
hour, 2 per cent In the sixth, seventh and eightli hours the metabolism 
was slightly lower than before the breakfast It is evident that v/hen 
this small amount of food is taken for breakfast it is only during the 
first hour that the absorption of food could have been in sufficient 
quantity to produce the condition of a “metabolism of plethora ” 
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TWENTY-SEVENTH PAPER 

METABOLISM OF BOYS TWELVE AND FOURTEEN 

YEARS OLD '■ 

WILLIAM H OLMSTEAD, MD,t DAVID P BARR, MD 

AND 

EUGENE F DU BOIS, MD 
(With the Technical Assistance of G F Soderstroai) 

NEW YORK 

The question of the effect of age on heat production was discus>ied 
in Paper 12 of this series^ and the curve was drawn showing that 
metaholism is relatively high in childhood, falls rapidly during adoles- 
cence, then decreases slowfy during the rest of life In Paper 19^ it 
was shown that the curve needed slight alteration in extreme old age 

At the time the Boy Scouts were first studied, in March and April, 
1915, it was hoped that the same boys could be studied every year in 
order to plot a curve for each individual Unfortunately, this was 
impossible in 1916, and it was not until March and April, 1917, that 
the boys could be observed again in the calorimeter As will be seen 
from the accompanying charts, the changes in metabolism of the indi- 
vidual boys correspond so closely with the chart made two years ago 
that it IS not necessary to alter the curve or change the conclusions 
made at that time 

All of the boys examined in 1915 were studied in 1917 under 
experimental conditions which were practically unchanged With the 
exception of J D D B they came in from nearby suburbs on the 
morning of the observation All but one of the boys took a breakfast 
consisting of a glass of milk and a slice of toast, with butter, between 
the hours of half past 6 and half past 7 in the morning 

The histones of the boys during the last two years are given below 

F R S , aged 14 years, 11 months, has been perfectly well during the last two 
^ars except for earache with purulent discharge in 1916 He has grown 14 cm 
His voice has not yet changed, sex organs of moderate size, pubic hair fairly 

* Submitted for publication Dec 20, 1917 
From the Russell Sage Institute of Pathology, in affiliation with the Second 
Medical Division of Bellevue Hospital 

t Of the Department of Medicine, Washington University, St Louis 

1 Du Bois, E F Clinical Calorimetry, Paper 12 The Metabolism of 
Boys 12 dnd 13 Years Old Compared with the Metabolism at Other Ages The 
Archives Int Med, 1917, 17 , 887 

2 Aub, J C , and Du Bois, E F Clinical Calorimetry, Paper 19 The 
Basal Metabolism of Old Men The Archii’ES Int Med, 1917, 19 , 823 
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TABLE 1- 


Subject, 

Date, 

Weight, 

Surface 

Area, Linear 
Formula 

Period 

End 

of 

Period 

Carbon 

Diovid, 

Gm 

Ovygen, 

Gm 

E Q 

Water, 

Gm 

Urine K 
per 
Hour, 
Gm 

Indirect 

Calo 

rimetry. 

Cal 

Heat 

Elimi 

nated, 

Cal 

FES 

Prelim 

12 15 








4/5/17 










42 61 Kg 

1 

1 15 

23 01 

20 29 

0 825 

38 52 

0 470 

67 66 

68 39 

137Sq M 











2 

2 15 

23 63 

20 46 

0840 

36 70 

0 470 

68 59 

6818 


Aver 


23 32 

20 38 

0 832 

37 61 

0 470 

6813 

68 28 

J D D B 

Prelim 

11 46 








3/30/17 










45 53 Kg 

L 

12 46 

22 56 

2184 

0 751 

39 69 

0 501 


75 85 

1 52 Sq M 











2 

1 46 

25 22 

21 67 

0 846 

37 42 

0 501 


76 77 


Aver 


23 89 

21 75 

0 798 

38 55 

0 501 

72 2 

76 31 

E ivmond M , 

Prelim 

12 20 








3/27/17 










49 09 Eg 

1 

1 20 

18 59 

15 78 

0 858 

26 43 

0 441 


55 98 

124Sq il 











0 

2 20 

19 43 

16 67 

0 848 

24 95 

0 441 


56 51 


Aver 


19 01 

16 22 

0 853 

25 69 


54 4 

56 24 

Eeg F 

Prehm 

12 20 








3/28/17 










48 55 Kg 

1 

1 20 

18 42 

17 77 

0 754 

27 27 

0 483 


58 07 

152Sq M 











2 

2 20 

21 49 

17 82 

0 877 

28 68 

0 483 


60 64 


Aver 


19 95 

17 79 

0 815 

27 97 

0 483 

591 

50 33 

Harry B 

Prelim 

2 09 








3/29/17 










49 09 Kg 

1 

2 39 

10 84 

958 

0 822 

17 59 

0 423 


34 32 

1 51 Sq M 










1 

2 

3 39 

1 

21 oO 

1 

19 94 

0 784 

38 45 

0 423 


70 86 


Aver 


-16 17 

1 

14 76 

0 803 

28 02 

0 423 

65 3 

52 59 

Henrv K 

Prelim 

12 22 






1 


4/2/17 


1 








49 29 Kg 

1 

1 22 

22 23 

19 82 

0 816 

27 88 

0 330 


61 S3 

1 34 Sq M 





1 




1 


2 ' 

2 22 

22 60 

19 96 

0 824 

30 20 

0 330 


6716 


Aver 

1 

22 41 

19 89 

0 820 

29 04 

0 330 

666 

64 49 

Arthur A 

Prelim 

11 18 








4/3/17 ] 










39 46 Kg 

1 

12 18 

20 85 

18 67 

0 812 

2618 

0 367 


65 iS 

1 37 Sq JI 









.. 


2 

1 IS 

20 79 

i 18 28 

0 828 

24 97 

0 367 


64 04 


\ver 

1 

20 82 

18 46 

0 823 

25 57 

0 367 

618 

65 SO 

I eslie B 

Prelim 

' 11 23 








3/29/17 

34 20 Kg 

1 

11 53 

9 67 

864 

0 814 

13 50 

0 513 


29,72 

120Sq M 











2 

12 53 

18 90 

15 00 

0 916 

26 53 

0 513 




Aver 


14 29 

1182 

0 865 

20 01 

0 513 

531 

42 70 


9 
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—Calorimeter Dat\ 
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1 
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(Linear) 



37 09 









Basal 

62 31 

36 93 

76 
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Quiet, reading 50min 

G9 29 

36 97 

! 

16 



1 



1 

Quiet, reading COmin 

65 80 

36 99 i 


14 

0 84 

IS 

45 1 

37 

1 1 GO 

i 

49 7 

1 

j (Basal, not very satis 


37 33 

77 




1 


1 

I 

ij factory, excluded 
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61 S2 

36 97 

72 

10 





i 

i 

t chart 

Third period started. 

84 01 

37 17 

84 
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37 16 

77 

13 

080 

IS 

57 

25 

j 1 59 

47 5 

pain in leg 


3712 

68 




1 




Basal 

52 94 

47 03 


3 

i 






Motionless 

55 10 

36 99 

78 

3 

1 

i 


1 1 



1 

Motionless 

54 02 

37 05 

73 

3 

0 87 

21 

; 3G 

1 

•iS 

111 ' 

43 D 

1 

i 


36 99 

i 

i 



1 




Basal 

50 4S 

1 

36 81 


8 


1 



1 


1 

Quiet, asleep 20 min 

6C2S 

36 71 

63 

9 




1 

1 



Quiet 

53 33 

36 84 

1 

8 1 

082 

22 

1 

30 
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37 33 


j 


1 





Basal 

28 40 

3719 

75 

4 
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Reading 5 mm , ver% 

59 44 

36 92 
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3 







Tery quiet 

43 92 
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3 

080 1 

17 

58 

25 

1 S3 
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36 99 

71 


] 






Basal 

53 74 

36 80 

75 

5 







Very quiet, reading 

69 71 

36 87 









8 mm 

72 

2 







Veri quiet, reading 

61 72 

36 89 

73 


0 82 

13 

63 

24 

135 

43 3 

60 min 


36 98 






t 



1 Basal 

56 91 

36 72 


8 




1 



Very quiet, reading 

63 36 

36 68 

82 

11 







i 20 mm 

Verv quiet, reading 

6013 

36 79 


9 

0 83 

16 

50 

! S4 

1 57 
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50 mm 


3719 






1 



Basal 

26 75 

37 09 


5 




1 



Very quiet 

5013 

36 91 

65 

15 





i 


Somewhat restless 

33 46 

37 06 

« 

10 

0 91 

26 

23 

1 

1 51 

i 

1 55 

44 3 
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TABLE 2 — Showing the Relation Between the Bas\l Metabolism and the Increase— 



First 

Eicperiment 

Second 

Experiment 

Weight 
in Kg 

Height 
in Om 

Calories 
per Hour 

Name 

Age, 

1 Tears 

Signs 

of 

1 Pu 
berty 

Age, 

Tears 

Signs 

of 

Pu- 

berty 

First 

Exper 

Second 

Exper 

In 

crease 
jn per 
Cent 

First 

Exper 

Second 

Exper 

In 

crease 
in per 
Cent 

First 

Exper 

Second 

Exper 

Change 

in 

per 

Cent 

L B 

13 3/12 

± 

14 3/12 


28 5 

34 2 

20 

141 

151 

7 

641 

531 

-2 

R M 

12 6/12 

0 

14 6/12 

± 

304 

491 

61 

141 

149 

6 

59 0 

544 

-8 

B F 

12 8/12 

+ 

14 8/12 


35 4 

48 6 

38 

148 

166 

12 

618 

591 

-4 

PBS 

12 10/12 

0 

16 

+ 

32 1 

42 6 

33 

142 

156 

10 

586 

681 

+18 

A A 

13 8/12 

0 

15 8/12 

+ 

30 6 

39 5 

29 

147 


9 

661 

618 

+10 

H B 

13 10/12 

++ 

15 10/12 


36 6 

491 

34 

146 


11 

584 

653 

+12 

H K 

13 11/12 


15 11/12 


36 0 

49 3 

37 

148 


12 

600 

666 

+11 

Aver 





32 8 

481 

46 

145 

159 

10 

683 

612 

+ 5 


abundant During the experiment he was quiet This boy took a somewhat 
larger breakfast than the others At 7 a m he had two slices of toast and a 
cup of coffee with sugar and cream 

J D D B , aged 14 years, 2 months, has been perfectly well during the last 
two years and has grown 16 cm His voice is just beginning to change, genitalia 
about one-half adult development, pubic hair about one-quarter present, scant 
hair in axillae, slight down on lip 

The experiment of this boy was not satisfactory He tried so hard to keep 
quiet that he developed a severe cramp in the leg He was in great pain, espe- 
cially during the second period This probably accounts for his relatively high 
metabolism The results are not used in the averages and are not shown on the 
graphic chart 

Raymond M , aged 14 years, 7 months, has grown only 8 cm His health has 
been good His voice has not yet changed, genitalia are just beginning to 
develop, pubic hair scant, a few axillary hairs are present, no down on hp 
During the experiment he was motionless 

Reginald F, aged 14 years, 8 months, has 'grown 18 cm Two weeks before 
the observation he had a mild attack of cramps in the abdomen , otherwise well 
Three months prior to the observation he had to stop singing in a choir on 
account of change in voice Genitalia are adult in type, pubic hair is abundant, 
and there is a slight growth of down on the lip During the observation he was 
quiet 

Harry B , aged IS years, 10 months, has grown 15 S cm His health has been 
good The voice and genitalia are of adult type, pubic and axillary hair abun- 
dant, slight down on lip During the observation he was quiet 

Henry K, aged 15 years, 11 months, has grown 18 cm His health has been 
good His voice is changing, genitalia are about three-quarters adult develop- 
ment, pubic hair all present, axillary hair about one-half present, slight down 
on lip He was very quiet during the experiment 

Arthur A , aged IS years, 8 months, has grown 13 cm Although small and 
slight he has won a medal as the best all-round Boy Scout in his troop During 
the last two years he has been perfectly well The voice has not yet changed, 
genitalia are about one-quarter way toward adult development, no hair in axillae 
or on lip Both mammary glands are palpable, about 1 cm in diameter , they are 
not tender He was very quiet during the observation 

Leslie B , aged 14 years, 3 months Dunng the last two years he has gained 
10 5 cm and has been perfectly well except for a broken finger and a dog bite 
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—IN Height and Weight and Other Factors of Bo-is at the Time of Puberty 


Calories per Sq M 
Surface per Hour 

Calories per 
Kg per Hour 

Average 

E Q 

Circumference 
of Thorax 

I Surface Area 
(Linear Formula) 

Average 

Pulse 

First 

Evper 

Second 

E^:per 

De- 
crease 
in per 
Cent 

! First 
Eiper 

1 j 

'Second 
Ei.per 1 

1 

! 

i First 
Exper 

Second 

Esper 

First 

Evper 

Second 

Exper 

: i 

First 

Exper 

Second 

Exper 

First 

Exper 

Second 

Exper 

516 

44 3 

—14 

190 

! 

155 

082 

0 87 

Cm 

61 8 

' Cm 
' 67 5 

Sq M 

1 05 

i Sq M 
120 

88 

65 

Si 4 

43 9 

—10 

194 

111 

0 81 

0 85 

65^ 

685 

I 

108 

124 

S5 

73 

507 

391 

—23 

175 

122 

0 94 

082 

682 

1 76 6 

i 

122 

152 

79 

63 

510 

49 7 

-3 i 

179 

160 

083 

083 

662 

73 0 

112 

137 

SO j 

76 

49 9 

451 

— 10 i 

184 

157 

0 78 

082 

65 4 

710 

113 

137 

81 

82 

47 4 

43 2 

— 9 

ICO 1 

133 ! 

086 

080 

714 

802 

1 123 

151 


75 

48 8 

433 

—11 

166 

IK 

086 

0 82 

67 7 

77 3 

122 

154 

M 

73 

506 

441 

-13 



1 









His voice is beginning to change , genitalia about one-half developed , pubic hair 
about one-half present , scant hair m axillae , no down on lip During the first 
hour of observation he was very quiet , during the second, somewhat restless 



Reproduction of original age curve showing relationship of findings to the 
me rawn in 1915 Each round dot represents the calories per square meter per 
hour tor the boy in 1915 A dash line connects it with the square which repre- 
sents the result obtained in 1917 
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DISCUSSION OF RESULTS 

The results are shown graphically m the chart All of the indi- 
viduals show a marked decrease in metabolism In the case of F R S 
this IS not as striking as in the others Although the majority of the 
boys come a little below the line that was drawn two years ago, the 
change is not great enough to make it advisable to draw a new curve 
The important fact remains that there is a rapid fall in metabolism 
during adolescence The average decrease for the seven satisfactory 
cases studied is 13 per cent Their average metabolism at the ages of 
14 and 15 years is 44 1 calories per square meter per hour, which is 
11 per cent above the average for adult men between the ages of 20 
and 40 years 

In the three youngest boys the metabolism during the twelfth year 
was actually greater in calories produced than during the fourteenth 
year, although the boys showed a gam in weight of between 35 and 
50 per cent 

477 First Avenue 



CLINICAL CALORIMETRY 


TWENTY-EIGHTH PAPER 

the metabolism in malarial fever* 

DAVID P BARR, MD, and EUGENE F DU BOIS, AID 
(With the Technical Assistance of G F Sodfrstrom) 

NEW YORK 

I INTRODUCTION 

When the respiration calorimeter of the Russell Sage Institute of 
Patholog}^ uas oiiginally planned one of the mam pioblems m \iew 
was the study of the rise and fall of the body tempeiature in fever 
For the first tune it became possible to measure in the clinic practically 
all the factors which would tell the story as to what was taking place 
within the body The preliminary work that was done m typhoid fever, 
with its comparatively slow changes m body temperature, demonstrated 
the extraordinary difficult)^ of the technic One case of malaria studied 
that same year gave warning of the troubles to be encountered when 
the temperature fluctuations were rapid It was for this reason that 
the main study of malaria was postponed until the calorimeter staff 
had been drilled four years and the technic and apparatus so improved 
that the problem seemed capable of solution 

The calorimeter is a bulky apparatus and does its best work when 
the metabolic condition of the patient remains unchanged from hour to 
hour With the onset of the malarial chill there is an abrupt change 
in the patient’s metabolism and the calorimetei must be rapidly 
adjusted to meet the new conditions Again, at the termination of the 
chill there is another change, and at the outbreak of sweat a new set 
of conditions is encountered In previous years it had been the custom 
to make the periods of observation one hour in length, and even these 
periods kept the staff busy This year it was found possible to obtain 
satisfactory results in periods as short as half an hour, and in some 
instances twenty-two minutes In this manner one could study differ- 
ent /portions of the malarial chill, whereas the one-hour periods would 
necessarily have included two or three different phases of the par- 
oxysm 

The problems were to determine the influence of fevei on the level 
of heat production, and to see whether the latter is proportional to the 

♦Submitted for publication Dec 20, 1917 

Russell Sage Institute of Pathology, in affiliation with the Second 
Aledical Division of Bellevue Hospital 
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height of the temperature, or if the height of the temperature depends 
on the level of the metabolism Even more important was the study 
of the mechanism by which the body raises or lowers its temperature 
Does the temperature rise because the heat production has been 
increased or because the heat elimination has been diminished, or from 
a combination of these two causes^ Does the body temperature fall 
because the heat production is diminished, or because the heat elimina- 
tion IS increased, or, again, from a combination of the two^ Still 
another problem is the measurement of the average temperature change 
within the body Hitherto our knowledge of the temperature change 
has been dependent on thermometers in the mouth, rectum or axillae 
Another interesting problem was the comparison of the temperature 
regulation during malarial chill and the chills following the intravenous 
injection of a foreign protein Finally, there remained the interesting 
question as to the character of the foodstuffs oxidized during a chill 

II THE MECHANISM OF THE RISE AND FALL OF TEMPERATURE 

Any change in body temperature is due to a disturbed relation 
between two factors, heat production and heat elimination Heat pro- 
duction IS the result of the combustion of foodstuffs within the body 
If the body is to remain at a constant temperature, the heat thus pro- 
duced must be eliminated This is accomplished chiefly by two avenues 
of heat loss first, radiation and conduction of heat to the surrounding 
air, and second, the vaporization of water eliminated from the skin 
and lungs Every gram of water which is vaporized at 23 C absorbs 
0 584 of a calory Ordinarily in afebrile conditions the heat lost in the 
vaporization of water constitutes about one quarter of the total heat 
eliminated A slight amount of heat is lost in the urine and feces and 
in warming food and drink which is introduced into the body at a low 
temperature The other three quarters, however, is lost chiefly by 
radiation and conduction In afebrile conditions the heat production 
equals the heat elimination, thus keeping the body temperature at a 
constant level 

We must decide whether fluctuation in temperature is due to a 
change in heat production or in heat elimination A theoretical con- 
sideration of the problem would indicate that both must be affected 

To raise 1 kg of water 1 degree C requires one calory of heat To 
raise 1 kg of body tissue 1 degree C requires only 0 83 calory In 
other words, the specific heat of the body is said to be 0 83 If, tlieie- 
fore, the temperature of a man weighing 70 kg should rise 1 degree C 
within an hour, 70 X 0 83 or 58 1 calories would necessarily be stoi ed 
in that man’s body The ordinar}’- heat production of the man at rest 
u ould be about 70 calories per hour If there were no increase in heat 
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production only 119 calorics, oi about a sixth of the usual amount of 
heat, would be eliminated This docs not seem piobable 

On the other hand, it is a well known fact that heat production is 
enormously increased during sc\cre exercise, such as mountain climb- 
ing or running, or during shivci mg after exposure to cold With this 
increase in metabolism, however, there is no marked rise in tempera- 
ture After the ingestion of large amounts of protein food the heat 
production may be increased 50 per cent or moi c, and yet there is no 
rise in body temperature The explanation is that in these conditions 
the heat elimination is iiici cased to compensate for and to equal the 
extra heat production Thus, it would appear that there is in fever 
some disturbance in the powei of the body to eliminate heat 

The problem, therefore, is to determine how much and in wdiat 
manner each of these factors acts to produce changes in body tem- 
perature 

Much careful woik has been done on this problem wuth quite con- 
flicting results Traubc,^ as long ago as 1863, studied the question of 
the mechanism of fever He attributed the cause of fever to a sudden 
contraction of the peripheial blood ^essels which prevented the proper 
distribution of blood to the suiface of the body and thus interfeied 
with a normal heat loss Those who follow^ed Traube’s teaching 
believed that the cause of fever wms not an increase in heat production, 
but a decrease in heat elimination Scnatoi- believed that the rise in 
body temperature look place in consequence of an abnormally high 
heat production with a heat elimination not correspondingly high 
Senator thus assumed an increase in the pioduction of heat which 
Traube did not find Leyden'* found a considerable increase in heat 
production 

All of the earlier w'orkers were handicapped by imperfect and 
incomplete apparatus The pioblem could not be finally settled except 
by an instrument wdiich very accurately measured heat production and 
respiratory exchaiige simultaneously in shoit periods This has been 
possible for the first time wuth the calorimeter of the Russell Sage 
Institute of Patholog}’’ Using this instrument in their observations on 
typhoid fever, Coleman and Du Bois^ found that an increase m heat 
production accompanied a rising body temperature m six out of seven 
cases observed The heat elimination was not equal to the heat pro- 
duction, but rose to meet the higher level of metabolism One observa- 

1 Traube Allg med Centr -Ztg , 1863, 32, 410, 426 and 810 

2 Senator Allg med Centr -Ztg , 1868, 37, 926 , Untersucliungen uber die 
fieberhaften Prozesse, Berlin, 1873 

3 Leyden Deutsch Arch f klin Med, 1870, 7, 536 

4 Coleman, W , and Du Bois, E F Clinical Calorimetry, Paper 7, Calori- 
metric Observations on the Metabolism of Typhoid Patients With and Without 
Food, The Archives Int Med , 1915, 15 , 887 
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tion showed a decrease in both heat production and heat elimination 
These observers also found that when the body temperature is constant 
at high fever the heat production and heat elimination are equal to 
each other When the body temperature falls the heat elimination 
rises above the heat production, while the amount of the latter may 
O’* may not fall 

The fluctuation of temperature in the typhoid cases was not strik- 
ing, the maximum change being only 07 C The present work deals 
with more rapid and with greater changes and should, therefore, yield 
more decisive results 

III REVIEW OF LITERATURE 

The first of the conditions to be considered is malarial fever Some 
very important work has previously been done on the metabolism of 
this disease 

k 



Fig 1 — Curved line shows the body temperature and the columns the carbon 
dioxid elimination of Liebermeister’s patient during a malarial paroxysm 

In 1870 Liebermeister® studied the carbon dioxid output of two 
patients before, during and after a malarial chill He considered that 
the carbon dioxid expired accurately indicated the heat production 
How correct this supposition was can be judged by comparison of the 
chart given by Liebermeister with our record of the patient George S 
(page 633) Liebermeister demonstrated that the chill is accompanied 
by a great increase in heat production Following the chill the heat 
production drops to a level not far above that observed before the 
paroxysm began He believed that the level of heat production is only 
slightly dependent on the absolute height of the body temperature A 
glance at the accompanying chart (Fig 1) will show that this is true 
Duimg the rapid rise of temperature accompanying the chill there is 
a great increase in the production of carbon dioxid 

5 Liebermeister Deutsch Arch f klin Med , 1871, 7, 153 
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After the chill the temperature continues to rise although the heat 
production suddenly drops nearly to its foimer level Liebermeister 
very aptly compares this to the action of the sun on the tempeiatuie of 
the air on the earth’s surface The sun, which would coi respond to the 
heat production, exerts its maximum heat at midday During this 
period the temperature of the air rises rapidly Aftei noon, although 
the heat of the sun becomes less intense, the temperature of the air 
continues to rise for a considerable period and remains high even when 
the sun is set 

The first calorimetiic obseivations of a patient with malaiia were 
made in 1892 by Isaac Ott® of Philadelphia, who used an mstiument 
which required a plus correction of 16 per cent lie found during a 
chill a great increase in heal production, with a consideiable decrease 
m heat elimination He also confirmed Liebermeister’s finding that 
following the chill the heat pioduction falls, although the temperature 
still remains high During the fall in temperature he found a great 
increase in heat elimination and m the elimination of water, without 
marked change in the heat production 

Probably the best known work on the rise and fall of temperature 
in malaria was done by Likhatschefi and Airoioft' in 1902 As excel- 
lent abstracts of this most important reseaich have been made by Ott® 
and by A I Ringer,® it will not be necessary to review the details of 
their methods They used a large Paschutm calorimeter with which 
they measured both the heat production by the direct method and the 
carbon dioxid output Then results aie most interesting and impor- 
tant They found that an increase in heat production occuired during 
a rise in tempeiature, an increased heat elimination and output of 
water during the fall The output of carbon dioxid increased greatly 
during the rise in temperature but lagged behind the maximum heat 
production They concluded that a use in body temperature depends 
on an increased heat production 

IV METHODS OF INVESTIGATION 

In the following experiments the calorimeter of the Russell Sage 
Institute was employed This has been described in Papei 2 of this 
series ° The heat production was measured by both direct and indirect 

6 Ott, Isaac Fever Its Thermotaxis and Metabolism, New York, 1914 

7 Likhatscheff and Avroroff Investigations of Gaseous and Heat Exchange 
in Fevers Report of the Imperial Military Academy, St Petersburg, 1902, 
5, Parts 3 and 4 We are indebted to Dr F G Benedict of the Carnegie 
Nutrition Laboratory for permission to consult his translation of this work 

^ Physiology and Pathology of Fever, Am Jour Med Sc, 

1911, 142 , 485 

9 Riche, J A , and Soderstrom, G F Clinical Calorimetry, Paper 2, The 
Respiration, Calorimeter of the Russell Sage Institute of Pathology in Bellevue 
Hospital, The Archives Int Med , 1915, 15 , 805 
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methods, the factors of which have nothing m common The direct 
method measures the heat lost in radiation and conduction directly 
The vaporized water is collected and weighed and, therefore, the heat 
lost in this manner can easily be calculated Heat lost by radiation 
and conduction and in the vaporization of water together indicate the 
total heat elimination If the heat gained or lost by the body for any 
given period be added to or subtracted from the heat eliminated the 
actual amount of heat production can be determined Unfortunately, 
the heat change of the body is dependent on the measurement of the 
rectal temperature which, although the best method at our disposal, 
does not accurately indicate the heat of the entire body Direct calo- 
rimetry, therefore, in short periods, especially in fever, does not accu- 
rately represent the true heat production Over sufficiently long periods 
m afebrile conditions it is a satisfactory method and agrees with the 
heat as determined by the indirect method It is on this method of 
indirect calorimetry that one should place the chief reliance in short 
periods This has been fully described in the first paper of this series 
In many of the older instruments the production of carbon dioxid 
alone was measured In the more accurate of these this determination 
gives a fairly good index of the height of metabolism 

A consideration of the respiratory quotients is important in study- 
ing the mechanism of the rise and fall of temperature, as they indicate 
the kinds of foodstuffs burned in the body It has been noted that 
during shivering glycogen is burned rapidly If this be true the 
quotients should be high during a chill 

Another problem that can be considered during these studies is the 
relation of the heat lost in the vaporization of water to the total heat 
production In previous work on this problem the heat of vaporization 
has always been considered in relation to the total heat produced 
rather than to the heat eliminated In afebrile conditions the heat pro- 
duction and the heat elimination are equal It does not matter, there- 
fore, to which the heat of vaporization is compared In fluctuations 
of fever, however, the heat production and heat elimination are 
unequal It will be interesting to determine whether the amount of 
heat lost in vaporizing water follows the level of heat production or 
that of heat elimination 

HISTORIES OF PATIENTS 

Case 1 — Victor J , tertian malaria 

Hxsioiy — h fireman, born in Sweden, 24 years of age He was admitted 
April 6, 1913, discharged cured April 19, 1913 He lived in the South during 

10 Lusk, Graham Chmcal Calorimetry, Paper 1, A Respiration Calorimeter 
for the Study of Disease, The Archives Int Med , 1915, 15, 793 

11 Lusk, G The Influence of Cold Baths on the Glycogen Content of Man, 
Am Jour Physiol, 1911, 27, 427 
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the >ear preceding (October, 1912) and had malaria continually Since that 
time he has been in New York and has had no trouble until the present attack 
He drinks an occasional glass of beer He denies venereal infection 

For one week preceding admission he did not feel well, but continued work 
until April 4, when he had a severe chill, followed by high fever and sweating 
He was able to work the following day but on the 6th had another chill which 
brought him to the hospital 
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10 ^ 
102 ' 
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Fig 2 — Temperature chart of Victor J 


Physical Exavunaiiou — A medium sized, well nourished young man Spleen 
is palpable two finger breadths below costal margin On lips and nasal margin 
there is well marked herpes 

The urine is negative Blood pressure systolic, 120 mm , diastolic, 50 mm 
Blood hemoglobin, 90 per cent , leukocytes, 9,400, polynuclears, 64 per cent , 
malarial organisms, present (tertian tjpe) 

He was observed in the calorimeter on April 10 from 8 30 to 11 30 a m 
Quinin was started on the 11th and was continued until the day of discharge, 
April 19 

Case 2 — George S , tertian malaria 

Histoiy — A seaman, born in Sweden, 19 years of age He was admitted 
March 12, 1917, discharged cured March 22, 1917 In October, 1915, he had 
gonorrhea which cleared up in six weeks without complications In June, 1916, 
he again had a urethral discharge which lasted until October In September, 


MAR 

13 14 15 16 17 18 19 20 



^16, his occupation took him to South America where he contracted malaria 
He was treated on his return to New York in St Vincent’s Hospital, where 
he had several chills Malarial organisms were found and, after some quinin 
treatment, he was sent to Bellevue Hospital While m Bellevue (October) he 
ran a high, extremely irregular, intermittent fever with no chills, had a mode- 
rately enlarged spleen and was very anemic Erythrocytes, 1,500,000, hemo- 
globin, 35 per cent , leukocytes, 4,000, lymphocytes, 70 per cent After quinin 
treatment the temperature became normal and the anemia gradually disappeared 
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TABLE 1- 


Subject, 










Date, 


End 

Carbon 




Urine N 

Indirect 

Heat 

Weight, 

Period 

of 

Dioxid, 

Ovygen, 

E Q 

Water, 

per 

Oalo 

Ellml 

Surface Area, 


Period 

Gm 

Gm 


Gm 

Hour, 

rimetry. 

nated, 

Oal 

Linear 

!Ponnula 




• 



Gm 

Oal 


Victor J 

Prelim 

8 28 








4/10/13 

69 6 Eg 

1 

9 28 

412 

39 6 

0 76 

32 5 

0 75 

130 2 

143 7 

198Sa M* 

2 

10 28 

392 

36 5 

0 78 

331 

0 75 

120 5 

145 2 


3 

11 28 

381 

35 9 

0 77 

32 8 

0 75 

118 3 

122 5 

Victor J 

Prelim 

9 45 








4/16/13 

64 0 Kg * 

1 

10 45 

23 7 

24 0 

0 72 

27 0 

0 47 

78 2 

719 


2 

11 45 

23 4 

23 0 

0 74 

29 4 

0 47 

75 3 

78 7 


3 

12 45 

25 9 



29 2 

0 47 


30 6 


4 

1 45 

271 

271 

0 72 

32 1 

0 47 

884 

SSI 

George S 

3/14/17 

71 7 Kg 

Prelim 

11 18 








1 

11 48 

13 8 

12 7 

0 79 

19 0 

0 55 

42 0 

36 3 

1 S3 Sq M 

2 

12 18 

13 9 

13 3 

0 76 

181 

0 55 

43 9 

37 7 


3 

12 40 

12 3 

101 

0 88 

121 

0 55 

34 2 

25 5 


4 

1 20 

53 5 

45 0 

086 

288 

0 55 

1631 

53 7 


5 

2 20 

43 6 

39 5 

0 80 

48 7 

0 55 

1319 

911 


6 

3 20 

39 3 

375 

0 76 

602 

065 

123 9 

999 

PaulK 

<5/16/17 

67 4 Kg 

Prelim 

12 35 








1 

1 35 

251 

231 

0 79 

38 6 

058 

76 6 

78 9 

80 8 

163Sq M 

2 

2 35 

261 

24 8 

0 77 

38 2 

0 68 

819 

Paul K 

Prelim 

10 07 








3/17/17 









87 3 

581 Kg 

1 63 Sq M 

1 

11 07 

261 

24 0 

0 79 

382 

056 

79 3 

113 5 

2 

12 17 

29 0 

28 0 

0 75 

609 

056 

92 0 


3 

1 07 

218 

19 5 

082 

47 4 

056 

65 0 

78 2 


4 

2 07 

26 2 

24 3 

0 79 

47 3 

056 

802 

89 8 


Aver 







791 


PaulK 

Prelim 

7 50 








3/20/17 

56 5 Kg 

1 

8 50 

25 3 

23 9 

0 77 

319 

0 73 

78 2 

78 6 

163Sq M 











2 

9 50 

24 6 

22 8 

0 79 

311 

0 73 

751 

70 a 


3 

10 50 

25 8 

24 0 

0 78 

33 7 

0 73 

78 9 

82 0 

Fred E 

Prelim 

2 02 








3/23/17 

66 7 Eg 

1 

3 02 

22 4 

20 0 

0 81 

39 0 

040 

666 

694 

165Sq M 

2 

1 

4 02 

24 0 

22 0 

0 79 

391 

0 40 

72 9 

73 2 

Sam Ft 

Prelim 

12 27 








4/11/17 








78 3 


59 5 Kg 

1 

1 29 

25 4 

23 6 

0 78 

40 0 

0 30 

so 2 


2 

2 34 

59 0 

63 5 

0 63 

631 

0 30 


111 3 

Sam F 

Prelim 

3 43 








4/12/17 

60 6 Kg 

1 

4 43 

309 

283 

0 79 

688 

0 42 

94 3 

1113 

1 70 Sq M 
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Direct 
Calo 
rimetry 
(Rectal 
Temp ), 
Cal 

Rectal 
Temp , 

0 ' 

Aver- 

Work- 

Adder, 

Cm 

Non 

protein 

R Q 

Per Cent 

Calorics from 

Calorics 
per Hour 

Remarks 

1 

age 

Pulse 

Pro 

tcin 

Pat 

Oarbo 

liyd 

Per 

Kg 

Per Sq M 
(Linear) 


40 5 









Palling temperature 

124 0 

401 ; 



0 71 

i 

73 

12 

2 01 

03 7* 

j IjEcd Mcoh’s fomuln 

120 3 

39 6 



0 78 

17 [ 

63 

20 

1 80 

GOO* 

1 

1 

1 

1011 

39 2 > 



0 77 

17 

66 

17 

1 S3 

59 7* 

1 

i 

1 


371 








1 

Afcbrllo 

71 5 

371 



0 70 

16 

81 

I 

122 

39 7* 


75 5 

37 0 



0 73 

17 

77 

0 

1 18 

SS2* ^ 

1 


84 9 

37 1 










851 

37 0 

1 


0 72 

14 

83 

1 

s 

1 38 

44 8* 



37 3 

1 



i 

i 




Observation on dull 

389 

37 3 

76 , 

2 

0 79 

1 

17 1 

CO 

23 

1 18 

44 0 

Motionless 

46 7 

37 5 ‘ 


7 

0 73 

17 

71 

12 

1 22 

48 0 

Quiet, turned once 

508 

168 7 

1613 

37 9 

39 9 

412 

<10 

100 

5 

4 

19 

088 

0 87 

OSO 

13 ; 

c i 

11 ! 

! 

27 

42 

02 

58 

52 

27 

1 30 

3 20 

181 

51 0 

126 0 

721 

Quiet, mild, shivering 

1 last tMO minutes 

1 Quiet except for chill, 
chill 12 41 to 1 15 

1 Quiet except last min 

93 4 

41 1 


8 

0 70 

12 j 

69 

19 

173 

67 7 

Very quiet 


37 7 




1 

1 





Afebrile 

76 6 

37 7 

77 

« 

0 78 

20 

00 

20 

1 84 

17 0 

Very quiet 

79 9 

37 7 

75 

13 

0 75 

19 

68 

i IS 

1 46 

50 2 

Pairlj quiet 


385 


i 



i 




Palling temperature 

82 9 

38 5 1 

so 

13 

080 

19 

57 

24 

1 30 

48 7 

Palrly quiet 

1031 

j 383 

77 

16 

0 74 

19 

73 

18 

1 35 

504 

Fairly quiet, coughed 

651 

i 380 

1 

75 

13 

0 83 

19 

48 

33 

134 

39 9 

Fairly quiet 

79 8 

j 37 9 

78 

10? 

0 79 

19 

53 

23 

1 1 38 

49 2 

Quiet 


38 4 








i 

Fever after chill 

72 2 

38 2 

81 

13 

0 70 

24 9 

1 

Cl 

13 0 

138 

47 9 

Very quiet 

78 2 

382 

77 

8 

0 78 

259 

55 

18 5 1 

1 33 

461 

Very quiet 

77 9 

381 

74 

15 

0 78 

24 0 

57 

17 9 

140 

48 4 

Fairly quiet 


36 9 









Afebrile 

57 7 

36 7 

56 

10 

082 

10 

52 

32 

118 

40 3 

Fairly quiet 

75 7 

36 7 

56 

11 

0 79 

15 

GO 

25 

129 

44 2 

Fairly quiet 


37 3 

52 








Before chill 

84 2 

223 9 

883 

37 4 

39 7 

39 1 

38 7 

1 

84 

19 

27 

16 

0 78 

0 79 

11 

12 

60 

62 

23 

26 

1 27 

1 56 

41 6 

55 5 

Slept 15 min , slightly 
restless 

Quiet except for chill, 
chill 1 48 to 2 26 
Falling temperature 
(Quiet, during last 15 
min humidity in cal 
[orimeter rose rapidly 
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Subject, 

Date, 
Weight, 
Surface Area, 
Linear 
Pormula 

Period 

1 

End 

of 

Period 1 

Carbon 

Dioxid, 

Gm 

j 

Oxygen, 

Gm 

E Q 

Water, 

Gm 

Urine N 
per 
Hour, 
Gm 

Indirect 

Calo 

rimetry, 

Oal 

Heat 

Elimi 

nated, 

Oal 

Sam F 

Prehm 

11 30 








4/13/17 










60 5 Kg 

1 

12 30 

23 8 

221 

0 79 

387 

038 

731 

75 5 

170Sq M 











2 

1 SO 

24 7 

232 

077 

37 8 

038 

76 7 

77 3 


3 

1 53 

88 

81 

0 79 

13 3 

038 

26 8 

286 


4 

2 18 

111 

10 9 

0 74 

13 8 

038 

35 8 

311 


5 

3 18 

27 8 

251 

0 81 

33 4 

038 

83 9 

74 7 

Sam F 

Prehm 1 

11 23 








1/30/17 










61 9 Eg 

1 

12 23 

22 4 

19 5 

084 

29 3 

0 43 


65 4 


2 

1 23 

24 0 

20 8 

084 

29 3 

0 43 


69 9 


Aver j 

1 







67 5 



* Height not measured Used Meeh’s formula onia 

t Small amount of oxygen admitted from prehminary period At end of second ® 

bubbled over into the sodium bicarbonate can, thus generating CO 2 and heat The indirect caiorimei^ 
therefore worthless, also heat eliminated is unreliable This period is included to show the grear amoim 
of heat stored in the body during chill 


He remained well until March 2, ten days before admission, when he again 
had chills, fever and sweats He had a chill every second day until admission 
to the hospital The last chill occurred on the morning of admission day 

Physical Examination — A well developed, fairly well nourished boy, rather 
pallid Tongue shows faint white coat Heart Left border of dulness is 
in the fifth space 14 cm from the median line, right border, 3 cm from median 
line m fourth space There is a soft blowing systolic murmur at the apex, 
not transmitted Pulmonary second sound is accentuated Spleen Edge is 
indefinitely felt two finger breadths below the costal margin 

The urine is negative Blood Erythrocytes, 3,250,000, hemoglobin, 60 per 
cent (Sahli) , leukocytes, 4,200, polynuclears, 37 per cent, lymphocytes, 32 
per cent Many malaria parasites (tertian) are found 

On March 14 he was in the calorimeter He had a severe chill followed 
by an abrupt rise in temperature to 1054 F On the 15th he was comfortable 
On the 16th he had a rise in temperature to 102 F , but no chill Quinin medi- 
cation was started on the evening of March 16 and was continued until 
March 19 He had no further symptoms and was discharged on March 22 

Case 3 — Paul K , malaria (aestivo-autumnal) 

History — A laborer, born in Austria, 30 years of age He was admitted, 
Afarch 11, 1917, to the service of Dr R J Carlisle, Bellevue Hospital, and 
was transferred to the Metabolism Ward Afarch 15, 1917, discharged improved 
Afarch 28, 1917 He drinks moderately of beer and whisky He denies vene- 
real infection He came to this country in 1913 and worked in New York for 
one year He then moved to North Carolina Six months later he was seized 
with chills and fever which came every second day For eight days he was 
in a hospital On his discharge he returned to New York and has had no 
recurrence until the present time 

On Afarch 6 at 3 o’clock m the morning he was seized with fever and a 
slight chill During the following five days he had repeated chills and a 
constant, severe abdominal pain localized in the left hypochondrium over 
the spleen 












— Data — (Conitnucd) 


Direct 

Oalo Rectal Aver- "Work- Kon 

rimetry Temp , age Adder, protein 

(Rectal 0 Pulse Cm E Q 

Temp), 

Cal 



Per Cent 

Calories from 

Calories 
per Hour 

tein 

Pat 

hyd 

Kg 

(Blnear) 

14 

C4 

22 

1 21 

43 0 

13 

GO 

18 

127 

451 

15 

G2 

23 

110 

41 1 

12 

S2 

C 

136 

507 

12 

5S 

3. 

1 30 

40 4 

17 

43 

40 

100 

39 7 



Tjmc oi expected chili 

Very quiet, slept 15 
min 
Quiet 


Quiet, felt cliillj 2 00 
to 2 30 p m 
Quiet, drank water 

Basal (alter cure) 

Very quiet, slept 15 
min 

Very quiet 


Physical Examimiion — March 16, a moderately emaciated but well devel- 
oped man, very pallid Mucous membranes very pale Herpes on both eyes and 
nose Tongue is moist and covered with a moderate white coat He coughs 
frequently A few rales arc heard oxer both sides of the chest The spleen 
IS felt as a soft edge at the costal margin Cervical, inguinal, epitrochlear and 
axillary lymph nodes are palpable 

His urine is negative Blood pressure systolic, 110 mm , diastolic, 68 mm 
Sputum negative for tubercle bacilli 

He had sharp rises in temperature on March 12 and 14 Neither during 
these exacerbations nor in those which followed did he have a chill He was 
in the calorimeter from 11 30 a m to 2 35 p m , March 16 At that time his 





■ 


mmm 



Fig 4 — Temperature chart of Paul K 

blood showed leukocytes, 4,000, erythrocytes, 2,700,000, hemoglobin, 55 per 
cent (Sahli) , malarial parasites were found March 17, from 9 30 a m to 
2 15 p m, he was again in the calorimeter On the 18th qumin sulphate, 20 
^ams, was given On the following day parasites were again found in the blood 
On the 20th he was observed in the calorimeter from 7 to 10 p m Qumin 
was started again on the 22d and was continued until the time of discharge, 
March 28 On the 22d leukocytes were 7,000 , erythrocytes were 2,200,000 , hemo- 
globin (Dare), 30 per cent , anisocytes and poikilocytes were present At the 
time of his discharge he had a normal temperature and had no complaints 















TABLE 2 — Calorimcter Data in Malaria 




TABLE 2-A — Calorimetry Data After Food 
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Case 4 — Fred E , tertian malaria 

History — A farmer’s helper, born m the United States, 18 years of age 
He was admitted March 16, 1917, and discharged improved March 28, 1917 
While m Mexico m 1912 he conti acted malaria and has had recurrences every 
spring lasting from two to four weeks During the first three attacks the 
chills occurred every second day For the past two years, however, he has 
had a chill every morning during the attacks 

March 13, three days prior to admission, he was seized with a chill fol- 
lowed by high fever which lasted two to three hours A similar paroxysm 
occurred on the two following mornings He had a very severe headache and 
a frequent, painful cough During the morning of the admission day he had 
a severe chill 

Physical Examination — A short, moderately well nourished boy He is 
pallid and his face is covered with pimples The tongue shows a slight white 
coat The tonsils are moderately enlarged There is no general lymphatic 
enlargement Heart The left border of dulness, in the fifth space, is 13 5 cm 
from the median line, the right border is in the fourth space 4 cm from the 
median line A harsh systolic murmur is heard in the third and fourth spaces 
half way between the median line and the left border The spleen is very 
much enlarged downward and toward the median line, 10 cm below the costal 
margin m the left midclavicular line 



His urine was negative March 17, erythrocytes were 3,912,000, leukocytes 
4,200, polymorphonuclears, 71 per cent , lymphocytes, 17 per cent , large mono, 
nuclears, 7 per cent, and malarial parasites of tertian form were found 

At the time of admission, the afternoon of March 16, the temperature was 
still elevated (101 8 F ) from the chill of the morning It reached normal the 
following morning and remained so until the time of discharge March 23 
he was observed in the calorimeter for three hours He was given quimn for 
the first time March 25, and March 28 was sent to a convalescent home 

Case 5 — Sam F , tertian malaria 

History — A seaman, born in Sweden, 32 years of age He was admitted 
April 9, 1917, to the service of Dr Alexander Lambert at Bellevue Hospital , 
transferred to the metabolism ward April 10 and discharged cured April 30, 
1917 He had gonorrhea with epididymitis nine years prior to admission At 
the same time he had soft chancres with resulting bubo which, however, did 
not suppurate He denies syphilis He drinks three or four glasses of beer 
a day, no whisky 

In August or September, 1916, while in Java, he deN eloped malaria He 
had chills every second day during the trip from Java to Genoa, Italy On 
his arrival in Genoa he went to a hospital where he was treated until March 4, 
1917 During most of the time he had no chills He continued treatment until 
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March 20 He arrived m this country Alarch 27 and had the first recurrence 
of chills April 9, the day of admission to Bellevue Hospital 

Physical Exammaiion—A fairly well nourished, muscular, young man He 
has a moderate dorsal kyphosis with right lateral scoliosis The tongue shows 
a slight white coat The tonsils are large The spleen is felt three finger 
breadths below the costal margin The edge is hard, firm and rather thick 
On the skin of the prepuce there are two small, iionindurated ulcers, probably 
due to filth 

Urine Negative, except for a few pus cells Blood April 9, 1917, erythro- 
cytes, 4,600,000, hemoglobin, 90 per cent (Salih), leukocytes, 4,600, Wasser- 
mann, negative Gonococcus fixation test, negative 

He had a severe chill April 10 and another April 11, during which he was 
observed in the calorimeter April 12, at 1 50 p m , he had a chill lasting 
forty minutes He was in the calorimeter from 3 to 5 p m April 13 he did 
not have a chill although no quinin had yet been given He was observed in 
the calorimeter during the time of the expected chill, 11 a m to 3 p m On 
the evening of the same day he received quinin, which was continued until 
April 26, when he complained of ringing in the ears He was rapidly con- 
valescing when, on the 19th, he developed a rather severe tonsillitis From this 
he recovered rapidly and was discharged as cured on April 30 

V DISCUSSION or EXPERIMENTS 

(a) Basal Metabolism in Afiebiile Periods — In all, seven obser- 
vations were made on the patients when they were without fever Four 
of these were in the intervals between the paroxysms, three after 
treatment 


TABLE 3 — Observation During Afebrile Periods 


Name and Age 

Period of DlEcase 

Calories 
per Sq M 
per Hour 

Surface 

Area 

Formula 

1 

Per Cent 
Deviation 
from 
Average 
Normal 

Paul K 

Between paroxysms 

4S 5 

Lin 

+22 

George S 

1 1 hour hefore severe chill 

4GS 

Lin 

+14 

Sam P 

1 hour hefore severe chill 

44 6 

Lin 

+12 

Sam P 

9>k. hours hefore expected chill 

44 0 

Lin 

+ 9 

Average | 

1 

1 



+14 

Sam P 

After treatment 

39 V 

Lin 

± 0 

Pred E 

After treatment 

42 3 

Lin 

± 0 

Victor J 

After treatment 

389 

Mech 

+14 

Paul K 

After treatment 

47 4 

1 

Lin 

+10 


Paul K was never seen to shiver while in the hospital As is shown by 
fte temperature chart, however, he had unusual periodic rises in temperature 
The observation was made twenty-eight hours after the temperature induced 
by the last paroxysm had reached normal The very marked increase in metab- 
olism in this case may have been due in part to the very profound secondary 
anemia His erythrocytes were 2,200,000, with a hemoglobin of 30 per cent 

made on Sam F when afebrile and before treat- 
ment The first, April 11, was made during the hour preceding a severe chill 
I. he second observation, April 13, was made during the two and a half hours 
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preceding an expected chill The observation of that day lasted five hours and 
was continued through the time of the expected chill During the last two 
hours, however, there were chilly sensations, with a slight rise in temperature 
Only the first two and a half hours, therefore, were considered as basal Seven- 
teen days after the last paroxysm, four days after the end of vigorous quimn 
treatment, he was again observed and was found to have a normal heat 
production 

Fred E , who had suffered with annual attacks of malaria for five years, 
who had a large, firm spleen and a moderate secondary anemia, was examined 
seven days after the last chill It was suspected that, since there was an 
increased metabolism between chills, there might be a similar increase in the 
condition of malarial cachexia No change in metabolism was found, the figure, 
42 3 calories per square meter per hour, being normal for a boy of 19 

The observation on Victor J was made seven days after the last chill Only 
the first two hours of the four-hour observation are included in the basal 
average During the last two hours the patient was very restless There is 
some doubt as to whether the first portion can be considered as basal because 
of possible restlessness of the patient Since this experiment was made before 
the linear formula was devised, the results are expressed in terms of Meeh’s 
formula and compared with 34 2 calories per square meter of surface per hour, 
the average normal for this formula 

From a consideration of the above experiments it is seen that the total 
metabolism was raised 14 per cent in the afebrile period between chills If 
the results on Paul K were to be excluded on account of the complicating 
factor of anemia, the figures would still be 12 per cent above the average basal 
level Since there was no fever, this increase must be attributed to the nature 
of the disease itself 

Two of the observations on patients after treatment showed a normal metab- 
olism The third case, Victor J , showed an increase of 14 per cent As there 
are no detailed notes on this observation, and as he was somewhat restless, 
this can scarcely be included in the basal average 

(&) Metabohsin During Pai oxysms — In considering the calori- 
metric aspects of a malarial paroxysm it is well to subdivide it into 
SIX phases 

1 A basal period for an hour or so before the chill 

2 A short period of rising temperature immediately before the 
chill which might be called the pi odi omal phase 

3 The period of the chill itself 

4 A period of rising temperature following the chill 

5 The period of high, continuous temperature, which corresponds 
to the clinical stage of heat 

6 The period of falling temperature, which might be still further 
subdivided into the early and late fall of temperature 

Six observations were made on the different phases of temperature 
during the malarial paroxysm one on the rising temperature before, 
during and after the chill, including one hour of high, continuous tem- 
perature, one on the chill and the period immediately preceding, two 
on the early fall in temperature, and one on a later fall when the tem- 
perature was nearly normal A single experiment was made on the 
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continuous temperature which persisted after the end of the last 
paroxysm on Paul K 

In considering these experiments four mam questions of the mech- 
anism of the rise and fall of body temperature will be investigated 
and discussed 

1 The relation of heat production to heat elimination in the rise 
and fall of temperature 

2 The divergence of the direct heat production as indicated by the 
measurement of rectal temperature from that determined by the 
method of indirect calorimetry 

3 The varying relation during the different phases of temperature 
of the heat lost in the \aporization of water to the heat production, on 
the one hand, and the heat elimination on the other 



Fig 6 — Scheme of body heat loss at different levels of temperature 


4 The influence of body temperature on the heat production 

The respiratory quotients will be mentioned as indicative of the 
foodstuffs burned in the different phases of fever 

(c) Heat Elimination in Fever — In considering the question of 
heat elimination two questions naturally present themselves First, 
how IS it possible that two individuals of the same size can eliminate 
the same amount of heat if one has a cool skin and the other a warm 
skin^ Second, how can one explain the fact that the heat elimination 
of a malarial patient remains almost exactly the same per hour during 
the period before the chill, during the period of the chill, and during 
the period of high, continuous temperature immediately after the chilP 
The phenomena can be explained with the aid of the diagrams 
(Fig 6) It is obvious that if the temperature of the interior of the 
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body, as represented by the heart or the deep rectal region, be 37 C 
and the outside air be 20 C , there must be a sharp drop somewhere 
between these two points This can be represented schematically in 
curves which give the temperature gradients under varying conditions 
Of course, the temperatures and distances from the skin selected for 
the charts are not exact, since no actual measurements have been 
made in these cases 

Let us consider the diagram at the left. Figure 6, which shows the 
gradients that would be found in an individual with a lectal tem- 
perature of 37 C exposed to an atmosphere at 20 C Curve A repre- 
sents the conditions when his skin is warm with, say, a skin tem- 
perature of 34 C The interior of the body, up to a point within 1 or 
2 cm of the skin, has a fairly uniform temperature and the blood is 
cooled, either in the skin itself, or perhaps, a centimeter beneath the 
skin, in other words, the sharp knuckle of the curve representing the 
sudden fall in temperature lies just beneath the skin The dotted line 
B represents the same individual with the same rectal temperature 
exposed to an environmental air of 20 C In this second case, how- 
ever, the skin is cold, say the surface temperature is 26 C The 
greatest cooling of the blood takes place at a considerable depth 
beneath the skin, perhaps 2 or 3 cm In both cases the curves start 
and end at the same point In both cases the individual produces 
within his body the same amount of heat per hour and eliminates the 
same amount of heat per unit of surface In the first instance the 
cooling IS near the surface, and m the second it is deep beneath the 
skin In the first instance the subcutaneous arterioles are dilated and 
the warm blood comes in contact with the cooler air In the second 
instance the surface arterioles are contracted, the subcutaneous tissues 
are cold, and these cold subcutaneous tissues cool off the blood cir- 
culating freely in the deeper structures 

In fever or with a changing temperature the phenomena are similar 
If the internal temperature, for instance, be 40 C , the skm tempera- 
ture will probably be correspondingly higher The cuives representing 
conditions with warm skin and cold skin start and end at the same 
points, but the knuckles in the curves representing the sudden drops 
in temperature are similar to the knuckles in Figure 6 

This brings us to a discussion of the average body temperature, a 
matter of great theoretical interest Probably the average body tem- 
peature will never be determined exactly except under very unusual 
conditions Some very interesting studies on this subject have been 
made by Benedict and Slack,^^ working on man, and Henriques,^® 

12 Benedict, F .G, and Slack, Edgar P A Comparative Study of Tem- 
perature Fluctuations m Different Parts of the Human Body, Pub 155, 
Carnegie Institution of Washington, 1911 

13 Hennques, V, and Hanson, C Skand Arch f Physiol, 1901, 11» 161 
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working on pigs These observeis found that the temperature of the 
interior of the body was fairly uniform until a point was reached 4 or 
5 cm from the surface Then there was a gradual cooling until just 
beneath the surface, where the tempeiature was several degrees lower 
than in the interior Other observers have found, also, that some of 
the internal organs have temperatures averaging highei than others 
While the temperature taken deep in the rectum is, peihaps, the best 
single spot to use for the estimation of the body tempeiature, it is 
obvious that the actual rectal tempeiature is highei than that of the 
whole body, since a laige portion of the body lies close to the surface 
If, for instance, a man weighed 70 kg , there might be as much as 
15 kg of tissue Avithin 1 cm of the surface, and the tempeiature of 
this surface tissue might, on the average, be 2 degrees cooler than the 
interior of the body It is obvious no exact calculations can be made 
For the purpose of drawing curves, howe\er, we can arbitrarily con- 
sider that the average body temperature is half a degree below that of 
the rectum If the skin and subcutaneous tissue should grow colder 
the average body temperature would be even farther than this below 
the rectal temperatuie 

While it IS impossible to determine the absolute avei age body tem- 
perature, we can calculate the changes in the average body tempera- 
ture by using a new method This is made possible by the great 
accuracy of the modern lespiration calorimeter We know that in a 
long series of experiments the methods of direct and indirect calorim- 
etry agree very closely Experiments ha\e shown that the method 
of indirect calorimetry is accurate within any comparatively short 
period, and by this method we can find the heat produced within the 
body during the experimental period Alcohol checks and electric 
checks have shown that the measurement of the heat eliminated from 
the body is determined accurately by the calorimetei If, there- 
fore, in any given period we can determine the calories produced in 
the body and the calories eliminated from the body, the difference 
between these two represents the calories eithei stored in the body or 
lost from its mass of tissue If we know the weight of the body we 
can calculate its hydrothermal equivalent by multiplying the kilograms 
by the average specific heat of the body This has usually been 
assumed to be 0 83, although, as we have pointed out before, the figures 
may be somewhat lower, especially in obese individuals For our 
purposes the figure 0 83 is close enough to enable us to determine 
with a fair degree of accuracy the heat equivalent of the body in 

„ 14 See Gephart, F C, and Du Bois, E F Clinical Calorimetry, Paper 4, 
ihe Determination of the Basal Metabolism of Normal Men and the Effect of 
Food, The Archives Int Med, 1915, 15, 835 
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terms of kilograms of distilled water If we know the calories stored 
in the body during a given period and the hydrothermal equivalent 
of the body, we can easily determine the rise or fall in the average 
body temperature during a given period If, for instance, during a 
certain period of the experiment, the heat production, as measured by 
indirect calorimetry, should be 100 calories and the heat elimination 
60 calories, this would mean a storage of 40 calories within the tissues 
If the body weight were 70 kg , this figure multiplied by the factor 
0 83, which represents the specific heat of the body, would indicate 
that the body, from a thermal standpoint, was equivalent to 58 1 kg 
of distilled water If 58 1 calories had been stored in the body, the 
average temperature would have risen 1 degree C , but since only 
40 calories were stored in the body, it is obvious that the average 
temperature rose approximately 066 degree C In a similar fashion, 
if the heat elimination exceeds the heat production, it is obvious that 



Fig 7— Comparison of changes in rectal temperature and average body tem- 
perature Curves constructed from experiments on four subjects in different 
stages of the malarial paroxysm The continuous line shows the rectal tempera- 
ture , the dash line indicates the changes in the average body temperature which, 
for purposes of calculation, is assumed to be one half a degree lower than the 
rectal temperature at the start of each observation 


the average body temperature must be falling This calculation has 
been made in all the experiments We know the rectal temperature 
at the start of the experiment and, for the purposes of calculation, 
the average of body temperature has been assumed to be a half a 
degree lower If, for instance, in the above period the rectal tem- 
perature at the start had been 37 0 C , we would assume that the 
average body temperature was 36 50 C At the end of the period the 
average body temperature would have been 37 16 C Perhaps the 
rectal reading at this same time might have been 38 1 In a similar 
fashion the change in the average body temperature in the next period 
would have been calculated, using as a starting point the figure 37 16 
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This IS a roundabout method of calculating temperature changes, but 
It IS believed to be more accuiate than any system which depends on a 
single thermometer in a place like the rectum, where it can be moved 
from side to side or can be embedded in feces, or m a place like the 
axilla, groin or mouth, where the thermometer may be affected by a 
partial opening of the cavities 

In the following discussion we shall compaie the average body 
temperature as obtained by this method with the i ectal temperature 
In this way we can obtain some idea of the accuracy of rectal tem- 
perature as an index of the temperature of the body during a 
paroxysm 



Fig 8 — Metabolism chart of George S, March 14, 1917 


(rf) Individual Expenments Dunng Paioxysins — 

George S , March 14, 1917, Chart 8 The curves show the relationship of 
heat production and heat elimination before, during and after a malarial chill 
The uppermost line shows the changes in rectal temperature The accompany- 
ing dash line shows the changes in the average body temperature The middle 
dash line represents the heat production in calories as measured by the direct 
method, the solid line, the heat production by the indirect method, the dotted 
line, the heat eliminated, and the lowest solid line, the calories lost in the vapor- 
ization of water The respiratory quotients are represented above the rectal 
temperature by dashes for each period 

Phase I — Normal temperature (Periods 1 and 2) The metabolism is 14 per 
cent above the average basal level for a boy of 19 The direct and indirect 
calories agree exactly The rectal temperature indicates a rise of 0 2 degree C , 
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which corresponds exactly to the increase m average body temperature The 
total heat elimination is at a level slightly below the heat production The 
heat lost in vaporization is 29 per cent of the total heat eliminated , 26 per cent 
of the heat produced (direct method) The respiratory quotient is normal 

Phase II — Rising temperature before chill (Period 3) Heat production is 
21 per cent above basal level The direct method indicates a higher metabolism 
The rectal temperature shows a rise of 044 degree C The average body tem- 
perature rises only 0 15 degree C Heat elimination does not change from its 
former level The heat lost in vaporization of water is 28 per cent of the total 
heat elimination, only 14 per cent of the direct heat produced The respiratory 
quotient rises to 88 

Phase HI — Violent chill (forty minutes) (Period 4) Heat production is 216 
per cent above the average normal level The heat production as measured by 
the direct method is higher than is indicated by the indirect The rectal tem- 



perature shows a rise of 2 0 degrees C , the average body temperature 1 7 
degrees C The total heat elimination is raised very slightly The heat lost in 
vaporization of water is 31 per cent of the total heat eliminated, only ^ 
cent of the heat produced (direct method) The respiratory quotient is high, 086 
Phase IV — Rising temperature following chill (Period 5) Heat production 
drops to 80 per cent above the normal basal level The heat production, as 
measured by the direct method, is higher than is indicated by the indirect Ihe 
rectal temperature shows a rise of 1 3 degrees C , the average body temperatore 
only 0 7 degree C The total heat elimination has risen to a higher level me 
heat lost in the vaporization of water is 31 per cent of the total elimination, 
18 per cent of the heat produced (direct method) The respiratory quotient 


Phase V — High, continuous temperature (Period 6) Heat production is 71 
per cent above the normal basal level The heat production as measured by the 
direct method is not so high as is indicated by the indirect method The rectal 
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temperature shows a fall of 0 1 degree C , the average body temperature a rise 
of 04 degree C The total heat eliminated has again risen and is now higher 
than the heat produced as measured by the direct method Heat lost in vaporiza- 
tion IS 29 per cent of the total heat eliminated, 31 per cent of the heat produced 
(direct method) The respiratory quotient is 0 76 

Victor J , April 10, 1913, Chart 9 The curve in Figure 9 shows the relation- 
chip between heat production and heat elimination during early fall in tempera- 
ture The lines correspond to those on Chart 8 The left hand portion of the 
chart shows the results obtained on a day without fever On right is the 
observation of three hours in length, immediately after the chill Heat produc- 
tion IS 81 per cent above the average basal for a male adult The heat pro- 
duction as measured by the direct is not so high as is indicated by the indirect 
The rectal temperature indicates a drop of 1 1 degrees C , the average body 
temperature only 08 degree C The total heat eliminated is higher than the 
heat produced The percentage of heat lost by vaporization is not accurately 
measured At the time of the observation (1913) ventilation was not sufficient 
to remove the water Respiratory quotients average 0 76 


APR 13 


2 3 4 5 


APR II 
I 2 


APR 12 
I 



Fig 10 — Metabolism chart of Sam F, April 10, 11, 12, 1917 

Sam F The curves in Figure 10 show the relationship of heat production and 
heat elimination before, during and after chill The lines correspond to those 

on Figure 8 The chart includes three observations made on April 11, 12 and 
13, 1917 

Phase I Normal temperature before expected chill (Periods 1 and 2) Heat 
production is 11 per cent above the average basal level Direct and indirect 
methods agree Both rectal and average body temperature remain constant 

^ A in elimination corresponds to heat production The respiratory quotient 
IS 0 78 

Phase II —Rise in temperature before expected chill (Period 3) Heat pro- 
duction by the indirect method 3 per cent above the average basal level Heat 
production by the direct method rose slightly Average body temperature 
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Fig 11 — George S Temperature, weight, nitrogen balance and food chart 
^ Small dot and heavy horizontal line at level of about 2,200 calories show 
estimated heat production for twenty-four hours 

Fig 12 — Sam F Temperature, weight, nitrogen balance and food chart 
Small dot and heavy horizontal line at level of about 2,000 calories show 
estimated heat production for twenty-four hours 

Fig 13 — ^Victor J Temperature, weight, nitrogen balance and food chart 
^ Small dots and heavy horizontal lines at level of about 2,000 calories April 
10, and at about 1,200 calories April 16, show estimated heat production for 
twenty-four hours 


dropped slightly, rectal temperature rose 01 degree C Heat elimination did 
not change its level The respiratory quotient was unchanged 

Phase III — Chilly sensations, no chill (Periods 3 and 4) Heat production 
27 per cent above the average basal level The direct and indirect methods 
agree The rectal temperature shows a rise of 0 3 degree C The average body 
temperature shows a corresponding rise Heat elimination does not rise with 
production but remains at its former level 

Observation made on April 11, 1917 Phase I (Period 1) — Normal tempera- 
ture preceding severe chill Heat production is 12 per cent above the average 



METABOLISM IN MALARIAL FEVER 


651 


basal level Indirect calorimetry not entirely reliable because of a slight amount 
of oxygen admitted from the preliminary period Heat elimination at corres- 
ponding level 

Phase III — Severe chill The results were ruined by an accident caused by 
enormous increase in metabolism (sulphuric acid bubbled into the sodium bicar- 
bonate can, generating carbon dioxid, water and heat) The period is included 
to show the large amount of heat stored in the body during the chill 

Observation made April 12, 1917 Falling temperature with sweating Heat 
production is 40 per cent above the basal level Heat elimination is tremendously 
increased Heat production by the direct method is lower than is indicated by 
the indirect Rectal temperature fell 046 degree C , average body temperature 
fell 0 33 degree C The heat lost in vaporization was 36 per cent of the total 
heat elimination This did not include all of the water eliminated for the 
humidity in the calorimeter began to rise during the last ten minutes of the period 
Paul K, March 17, 1917 Late falling temperature Heat production was 
22 per cent above the normal level The production by the direct method was 
higher than was indicated by the indirect Rectal temperature fell 0 7 degree C 
during the observation Average body temperature fell 1 1 degrees C Heat 
elimination was much higher than heat production Heat lost in vaporization 
was 27 per cent of the total heat eliminated, 26 per cent of the heat produced 
(direct method) during the first hour At the end of the first hour the patient 
spilled the urine, thus spoiling the results of water vaporization The respiratory 
quotients were about 0 79 

Another observation was made on Paul K March 20, after the end of the 
last paroxysm, when his temperature was still elevated On this day his heat 
production was + 19 per cent , slightly lower than it had been four days before 
in the afebrile period between paroxysms 

{e) N'lUogen Balances — Tn Figures 11, 12 and 13 will be found 
graphic representations of the food administered, temperature curve, 
weight curves and the relationship between food nitrogen and excreta 
nitrogen , 

^ In the case of George S it will be seen that theie was a negative 
nitrogen balance during the febrile period in spite of an intake of 
3,000 calories a day The patient came to a nitrogen equilibrium when 
the malarial paroxysms ceased 

In the case of Sam F the nitrogen balance remained negative until 
the fourth day of normal temperature, although his food intake had 
reached about 2,400 calories on the second day of normal temperature 

Victor J showed a negative nitrogen balance six days after his 
last paroxysm, but his intake was little over 2,000 calories 

In general, it will be noted that malarial patients gave evidence of 
a toxic destruction of protein, just as did the typhoid patients studied 
in Paper 7 of this series In spite of caloric intake, which covered 
the heat production and supplied an ample amount of protein and 
carbohydrate, there was a negative nitrogen balance 

(/) Dnect and Indirect Caloumet'i y — In the observations on 
malarial patients without temperature, the heat production, as mea- 

15 Coleman, W , and Du Bois, E F Clinical Calorimetry, Paper 7, Calori- 
metric Observations on the Metabolism of Typhoid Patients With and Without 
Food, The Archives Int Med , 1915, 15 , 887 
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sured by the direct method, amounted to 917 1 calories , by the indirect, 
to 927 1 calories, a total divergence of — 1 1 per cent In the observa- 
tions in fever the total heat production by the direct method was 
1,675 7 calories, by the indirect, 1,6641 calories, a divergence of 
+0 7 per cent In the febrile experiments the variations for the indi 
vidual hours was often very great In the period for the chill on 
George S the direct calorimetry showed a heat production of 49 per 
cent above that shown by the indirect The greatest divergence for 
any single observation was 7 per cent Six of the eleven experiments 
showed a divergence of 5 per cent or less The total heat production 
for all observations was 2,592 8 calories, as measured by the direct, 
and 2,591 2 as measured by the indirect, a total divergence of + 0 08 
per cent 


TABLE 4 — Percentage Divergence of Direct from Indirect Calorimetry 

IN THE Individual Experiments 


Percentage Divergence 

Number of Experiments EaUing in 

Each Group 

Plus 

Divergence 

Minus 

Divergence 

Total 

0-5 

2 

i 


5-7 

2 

S 

1 ^ 


Indirect 

Direct 

1 

I Divergence, 
per Cent 

Afebrile Experiments 

9271 

9171 

—11 

Pebnle experiments 

l,66il 

1,675 7 

+0 7 

Total calories measured in all experiments 

2,591 2 

2,592 8 

+0 08 


(ff) Chaiactet of Foodstuffs Biiined — All of the respiratory quo- 
tients were within normal limits, the highest being 0 88 , the lowest 
0 72 Before and during the chill on George S the quotients were 
higher than in any of the other periods This shows an increased 
combustion of carbohydrate and would indicate a mobilization of the 
glycogen stores of the body It is particularly interesting that the 
quotient rose before the chill and even before there was any noticeable 
increase in metabolism As this period was only twenty-two minutes 
in length, it is unsafe to draw from it any conclusions 

The close agreement between the direct and indirect methods during 
the observations, the consistently normal respiratory quotients, indicate 
that there is no change in the metabolism of malaria sufficiently pro- 
found to upset calculations based on the method of indirect calorimetry 
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{h) Relation of Heat Piodnction to Heat ElvnnnaHon — From a 
consideration of the preceding experiments one relation stands forth 
with distinctness The comparison of heat elimination and heat pro- 
duction shows unmistakably that the rise in temperature is chiefly 
dependent on an increase in heat pioduction and that the heat elimina- 
tion does not change The temperature is maintained at a high level 
by a heat pioduction which is still high, and an elimination which, 
although rising, is not adequate to take care of the heat produced The 
fall in temperature is accomplished by a combination of two factors, a 
decrease in heat production and an increase in heat elimination Of 
" the two factors, however, the increase in elimination is much moie 
striking 

{%) Periods of Mahiial Paroxysms — A malarial paroxysm has 
usually been divided into three stages first, that of heat, second, that 
of fever, third, that of sweating On closer analysis this rough clin- 
ical division is not satisfactory for a description of the changes in heat 
regulation The following subdivision into six stages gives one a 
better chance to describe the phenomena observed in the calorimeter 
experiments 

1 Pielimmaiy Peiiod The rectal temperatuie remains constant 
and there is no warning of the coming paroxysm 

2 Piodiomal Penod Fifteen or twenty minutes before the chill 
the rectal temperature begins to rise a little The patient begins to feel 
a little uncomfortable 

3 Penod of Chill This may last a few minutes or as long as an 
hour The rectal temperature rises abruptly The surface of the body 
may become relatively and perhaps actually cooler The aveiage body 
temperature, therefore, rises somewhat less abruptly than the rectal 
temperature The patient feels cold and shivers violently 

4 Pei tod of Rising T einperatui e After the Chill The rectal tem- 
perature rises less rapidly than during the chill The surface of the 
body becomes warmer The patient feels weak and exhausted after 
his chill 

5 The Penod of High, Contvnuoiis Tempei atm e The rectal tem- 
perature changes but little The surface temperature rises steadily 
The patient feels hot 

6 Pei lod of Falling T empei atm e The rectal temperatui e falls 
much more gradually than it rose During the very earliest stage of 
this period the surface temperature is still rising Soon it begins to 
fall, but not so rapidly as the internal temperature In the latter part 
of the period the two fall at about the same rate The patient sweats 
profusely 



654 


D P BARR—E F DU BOIS 


ARCH INT 


Heat Production In the preliminary period this is unchanged In 
the short prodromal period there may be an insignificant rise During 
the chill the violent muscular exercise increases heat production 100 
to 200 per cent^“ Immediately after the chill there is a marked 
decrease in the heat production which falls to within 20 to 38 per cent 
of the average basal level During the remaining periods it decreases 
slowly until it reaches the normal 

Heat Elimination During the preliminary period the heat elimina- 
tion, of course, equals heat production During the prodromal period 
before the chill it shows little or no change During the chill the heat 
elimination remains almost exactly the same as during the preliminary 
period In spite of the enormous increase in heat production the 
amount of heat which leaves the surface of the body is almost exactly 
the same as before the chill The blanching and coldness of the surface 
have not decreased the actual amount of heat eliminated In the 
fourth period, of rising temperature after the chill, there is slight 
increase in the heat elimination, but, of course, the elimination still 
lags behind the production In the fifth period, of continuous tem- 
perature, the heat elimination rises and begins to equal the heat pro- 
duction In the sixth period, of falling temperature, the heat elimina- 
tion IS greatly increased 

Vaporization The actual amount of heat lost through the vapori- 
zation of water through skin and lungs amounts to about 25 per cent 
of the total heat ehmmaHon in the preliminary period This percent- 
age ratio remains fairly constant during all the periods The actual 
number of calories lost by vaporization per hour changes very little 
during the first five periods, but rises abruptly during the last period 
The patient then loses a large amount of heat during the vaporization 
of sweat 

Respiratory Quotient During the prodromal period and chill, as 
a rule, the respiratory quotient is higher than after the chill, suggesting 
the rapid combustion of the glycogen stores during the violent mus- 
cular exercise 

(;) Changes m Rectal Temperatwe and m Average Body Tem- 
peiatwe — Maraghano,^^ in 1888, working on malaria patients with a 
Mosso plethysmograph, found that the volume of the arm decreased 
not only during the chill but before the chill, even before any chilly 
sensations had been felt When the temperature began to fall the 
volume of the arm increased to a point far above its original level 

16 Lusk, G (Footnote 11) found a maximum increase of 180 per cent in 
the heat production of a thin man during the violent shivering which followed 
immersion for nine minutes in water at a temperature of 10 C 

17 Maragliano Das Verhalten der Blutgefasse im Fieber und bei Antipyrese, 
Ztschr f klin Med , 1888, 14 , 309 
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He concluded fiom his expeiiments that bcfoie the chill theie is a con- 
traction of the supeificial blood vessels which piecedes rise m tem- 
perature, that duiing the chill the blood vessels are still further con- 
tracted, and that they leinain m that condition until the temperatuie 
begins to diop, when there is a maiked dilatation He found, also, 
that the dilatation of blood vessels piecedes by a shoit interval the 
drop in temperature, but continues to inciease during the rapid fall 

It may be that we ha\e here m this curve a confiimation of these 
findings Just as Maragliano found a contraction m superficial blood 
vessels before the rise m tempeiature, so we have found an increase 
in the tempeiature of the rectum befoie the chill Fiom these facts 
it might be assumed that the blood is driven from the suiface to the 
inside of the bod}^ Any extra heat which is pioduced during this 
period would, under these conditions, be stoied in the interior of the 
body The rectal temperatuie would theiefore rise 

So, also, during the chill and m the hour following it the heat 
produced is stoied moie rapidl}’' in the deeper oigans of the body 
than near the surface 

When the rectal tempeiature begins to fall the average body tem- 
perature IS still rising and probably continues to do so for a consider- 
able period 

During the stage of falling temperature the heat which has been 
stored in the deepei stiuctures is being given oft lapidly to the rest of 
the body The heat elimination has been raised to an abnormal level 
But, with both radiation and conduction and water elimination 
increased, the skin and lung surfaces aie not able to throw off the heat 
as rapidly as it is produced anew and delivered from the inside of the 
body 

This condition might be represented by the following simple 
diagram 

Interior of body Z} Periphery of body Outside air 

The interior of the body is losing heat rapidly to the surface layers 
of the body, which are m turn losing heat less rapidly to the outside 
air The mechanism of heat loss m the body has not yet recovered 
its function sufficiently to eliminate the heat which is already stored 
in the body as well as that which is being produced at the time 

It is interesting and important that, during this obvious attempt on 
the part of the body to rid itself of heat, there is no marked decrease 
in heat production To be sure, there is a very gradual lowering of 
production to the normal level, but there apparently is no mechanism 
by which the heat production can be lowered abruptly It may be that 
during the drop in temperature the heat production is proportional to 
the level of the temperature During the end of the fall the heat pro- 
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duction IS on a much lower level The heat elimination is high The 
inside of the body loses heat slowly , the periphery eliminates it rapidly 
The mechanism of loss has by this time apparently recovered its com- 
plete function This simply means that the heat which had accumu- 
lated at the surface of the body is now being eliminated The inside 
of the body has lost to the periphery most of the heat which was 
stored within it during the period of high fever and is now near its 
normal level 

The results on the heat lost in vaporization show two things with 
distinctness Formerly, the water elimination has been studied chiefly 
in patients without fever Under these conditions, over any extended 
period, the heat production, as figured by the method of direct calorim- 
etry, equals the heat elimination Under these circumstances it does 
not matter whether the heat of vaporization be compared to the heat 
production or to the heat elimination In fever observations, however, 
the heat elimination and heat production vary within wide limits 
Thus, in the observations on malaria, comparison of the heat of vapori- 
zation with the heat production gives variations of 10 to 45 per cent 
On the other hand, the comparison of the heat of vaporization with 
the heat eliminated shows variations within much narrower limits, 23 
to 36 per cent If the observation on the sweating patient, Sam F , be 
omitted the variation is between 23 and 31 pei cent It can therefore 
be said with some degree of certainty that heat of vaporization is a 
function of heat elimination and that it has no relationship to the heat 
produced 

In the rapid fall, with sweating, observed on Sam F , the percentage 
of heat of vaporization to total heat eliminated was even more increased 
above the usual level than is shown by the figures It is certain in 
this case that not all of the water was removed by the ventilation of 
the chamber 

VI SUMMARY AND CONCLUSIONS 

Eleven calorimeter experiments have been made on patients in 
different periods of malarial fever, six of them being made during 
paroxysms In all cases the methods of direct and indirect calorimetry 
were used For the total senes of experiments the calories, as mea- 
sured by these two independent methods, agree within 0 08 per cent of 
each other In some of the individual observations the divergence 
between the two was as great as 7 per cent , in some of the short 
periods the divergence was much greater 

The rectal temperature, which was measured every four minutes, 
showed typical malarial curves The temperature curve of the deep 
parts of the body, as represented by the rectal region, does not indicate 
correctly the changes in the average body temperature In a man 
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weighing 70 kg about 15 kg of tissue he within 1 cm of the surface 
This subcutaneous layer may be warm or cold When it is warm the 
blood from the interior of the body is cooled at the surface of the skin 
When the subcutaneous layer is cold the largest mass of blood loses 
heat 1 to 3 cm below the skin A man producing a constant amount 
of heat every hour may eliminate fiom his surface exactly the same 
amount of heat with warm skin as with cool skin A malarial patient 
may eliminate exactly the same amount of calories per hour before his 
chill as he does during the period of high temperature before the sweat- 
ing begins The changes in the average temperature of the body have 
been measured by a method based on the difference between the indirect 
and direct calorimetry during individual peiiods This new^ method is 
possible only with a respiration calorimeter 

The periods of malarial paroxysms may be divided as follows 

1 Piehimnmy Temperature constant, no change in metabolism 

2 P'lodiovml Fifteen or twenty minutes before the chill there is 
a slight rise in rectal temperature 

3 Chill Rectal temperature rises abiuptly, the surface of the 
body becomes relatively and perhaps actually cooler , the average body 
tempeiature rises somewhat less abruptly than the rectal temperature 

4 Rising Tempeiatui e Aftei Chill Rectal temperature rises less 
rapidly than during chill , the surface becomes warmer 

5 High, Continuous Tempeiatui e Rectal temperature is constant, 
surface temperature rises steadily, patient feels hot 

6 Falling Tempeiatuie Rectal temperature falls much more grad- 
ually than it rises The surface temperature at first may continue to 
rise, then to fall gradually for a period, and later to fall at about the 
same rate as the rectal temperature 

The heat pioduction increases 100 to 200 per cent during the chill, 
immediately after the chill it falls to within 20 to 38 per cent of the 
average basal level, with the falling temperature the heat production 
drops to normal 

During the period before the chill with constant temperature the 
heat ehimnation, of course, equals the heat production During the 
chill, in spite of the enormous increase m heat production, the heat 
elimination is the same as in the preliminary period Almost all of the 
extra heat produced is stored in the body tissues 

In the fourth period of rising temperature after the chill there is a 
slight increase in heat elimination In the fifth period of continuous 
temperature heat elimination begins to equal heat production In the 
sixth period of falling temperature the heat elimination is greatly 
increased, chiefly by means of a large increase in the vaporization of 
water from the skin Of the total calories produced in this period the 
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patient loses a much largei percentage than normal through vaporiza- 
tion On the other hand, the percentage of calories lost through 
vaporization is not greatly increased in its relationship to the total 
heat elimination 

The respiratory quotients during the chill aie higher than before 
or after the chill, suggesting the rapid combustion of glycogen stores 
during the violent muscular exercise of shivering 

CONCLUSIONS 

In malarial paroxysms the increase in body temperature is due to 
an increasing heat production, which more than offsets a slightly 
increasing heat elimination 

The fall in body temperature is due to a greatly increased heat 
elimination with a heat production which is very slightly raised above 
the normal 

There is no indication of abnormal processes of metabolism in 
malarial fever except that the protein metabolism is somewhat 
increased 

In two observations on patients after treatment the basal heat pro- 
duction was normal 

During a malarial paroxysm the rectal temperature rises somewhat 
more rapidly than the average body temperature 

Except for the period of chill the le\el of the heat production is 
roughly proportional to the height of the body temperature 

During a malarial paroxysm the percentage of heat lost in vaporiza- 
tion of water bears a fairly constant relationship to the heat elimina- 
tion but not to the heat production 
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A FURTHER STUDY OF ETHYLHYDROCUPREIN (OPTO- 
CHIN) IN THE TREATMENT OF ACUTE 
LOBAR PNEUMONIA i* 

HENRY F MOORE, M D , B Ch , and ALAN M CHESNEY, M D 

NEW YORK 

In a previous communication^ we reported on a series of thirty-two 
cases of lobar pneumonia due to pneumococci and treated with ethyl- 
hydrocuprein (optochm) hydrochlond By means of bactericidal tests 
of the patient’s serum in vitro the absorption and elimination of the 
drug m these cases was studied It w^as concluded that the hydro- 
chlorid of the drug is rapidly absorbed from the gastro-intestinal tract 
into the circulating blood , that when an amount of the hydrochlond 
represented by 0 024 to 0 026 gm per kilogram of body weight of the 
patient is administered by mouth per twenty-four hours, the blood 
serum of the patient acquires the property of destroying pneumococci 
in the test tube , that the best way to insure the rapid production and 
maintenance of this bactericidal action m the blood is to divide the 
total amount of the drug in such a w'ay that the first dose is relatively 
large and is followed at intervals of not more than three hours by 
smaller equal doses For example, if the patient is of average size 
and IS to receive 1 5 gm in twenty-four hours, he is given a first dose 
of 0 45 gm , and this is followed by seven doses of 015 gm each at 
regular intervals It was further shown that during administration 
of the drug the pneumococci in the body may become “fast” or resistant 
to a considerable concentration of ethylhydrocuprein 

The purpose of the present paper is to present the data accumulated 
in an extension of the former work and to give the final results of two 
years’ experience in the treatment of lobar pneumonia with ethylhydro- 
cuprein It may be stated that the experimental results obtained 
during the first year have been for the most part confirmed by the 
study of cases treated during the second year, and, in addition, some 
new facts have been ascertained which it is desirable to record The 
experimental observations will be recorded first, and then the entire 
series of cases will be analyzed from a clinical standpoint 

The method of investigation described in the previous paper has 

^Submitted for publication Nov 18, 1917 
From the Hospital of The Rockefeller Institute for Medical Research 
Paper read in abstract before the Section on Pharmacology and Therapeu- 
tics at the Sixty-Eighth Annual Session of the American Medical Association, 
New York, June, 1917 

1 Aloore, H F , and Chesney, A M The Archives Int Med , 1917, 19, 611 
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again been used and has been found satisfactory Briefly, this con- 
sisted in repeated determinations of the bactericidal power of the 
patient’s serum at 37 5 C for young (four to six hours) broth cultures 
of pneumococci The strains used were stock strains and usually the 
type of pneumococcus employed for any case differed from that caus- 
ing the infection Almost all the patients admitted to the wards of 
the Hospital of The Rockefeller Institute from October, 1915, to May, 
1917, suffering from lobar pneumonia due to pneumococci belonging 
to Groups II, III and IV, were treated with ethylhydrocuprem Cases 
due to pneumococci of Group I did not receive ethylhydrocuprem, but 
were treated with specific immune serum A limited number of patients 
infected with pneumococci of Groups II and III were treated with 
ethylhydrocuprem by mouth and m addition received type homologous 
immune serum intravenously, or concentrated “extract” of such serum 
subcutaneously or intravenously 

Of the forty-three patients treated with ethylhydrocuprem during 
the season 1916-1917, two received the base (optochm base) by mouth 
Forty received the hydrochlorid by mouth and one patient received the 
hydrochlorid intramuscularly at first, and later by mouth In Table 8 
are presented the details as to dosage of the drug, clinical features 
and so forth, m these forty-three cases 

ADMINISTRATION OF ETHYLHYDROCUPREIN BASE BY MOUTH 

The serum of the patients (Nos 2786 and 2783) who received the 
base by mouth failed to show either bactericidal activity or power tem- 
porarily to inhibit the growth of pneumococci, although the amount of 
the drug given should have been sufficient to produce such a result if 
the base were as readily absorbable as the hydrochlorid The difficulty 
of absorption from the gastro-intestinal tract is undoubtedly dependent 
on the fact that the drug m this form is very slightly soluble 

“fastness” of pneumococci to ETHYLHYDROCUPREIN 

In our former communication we reported one instance m which 
the infecting pneumococcus became “fast” to ethylhydrocuprem m the 
human body A further example of this phenomenon has been 
observed m the present study The details follow 

Hasp No 2825 — A street cleaner, aged SO, weight 69 kg 

Past History — Unimportant 

Present Illness — Cough for one day, chill and bloody expectoration on day 
of admission 

Status on Admission — Patient dyspneic, cyanotic and decidedly ill, tempera- 
ture 105 2 F , pulse 120, respirations 32, dulness with suppression of breath 
sounds and numerous fine moist rales over left lower lobe Leukocyte count 
15,000 Sputum tenacious, hemorrhagic and containing Pneumococcus Type II 
Blood culture showed Pneumococcus Type II, three colonies per cubic centimeter 
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Cowse and Tieatment — Ethylhydrocuprem hydrochlorid started by mouth 
on second day of disease, schedule as follows in periods of twenty-four hours 
first period, 1 X 0 6 gm -f- 8 X 0 15 gm (0 026 gm per kilo of body weight per 
twenty-four hours) , second period, 12X015 gm , third period, 11 X 015 gm , 
last period of eighteen hours, 7 X 0 15 gm +2X01 gm Blood culture taken 
thirty-six hours after the commencement of the ethylhydrocuprem treatment 
showed twenty-four colonies of pneumococcus Type II per cubic centimeter of 
blood and the patient’s general condition seemed worse at that time On the 
following day the blood culture showed sixty colonies per cubic centimeter and 
on the last day of life blood culture showed 700 colonies of Pneumococcus 
Type II per cubic centimeter of blood The patient became progressively 
worse and died on the fifth day after admission to the hospital Judging from 
physical signs, spread of the infected area in the lungs did not take place 
The total amount of ethylhydrocuprem given was 6 5 gm No toxic symptoms 
referable to the drug were observed 

Samples of blood serum of this case were obtained before beginning treat- 
ment and eight times during the course of treatment, these samples were 
tested for pneumococcidal power against a four-hour-old culture of Pneumo- 
coccus Type II Pneumococci grew unhindered m the specimen obtained before 
beginning treatment, but the tests of the specimens obtained later showed that the 
ethylhydrocuprem conferred the usual degree of pneumococcidal power on the 
serum as early as 5 5 hours after the first dose was administered and that this 
pneumococcidal power was maintained throughout the treatment 

The specimens of patient’s serum showing pneumococcidal power were 
pooled and the effect of the pooled serum on two strains of pneumococci, 
obtained from the patient’s blood, was studied , one of these strains was obtained 
from the patient’s blood on admission to the hospital and before the ethylhydro- 
cuprem treatment was started and the other strain from his blood two hours 
before death The results are given m Table 1 The technic employed was 
that previously described,^ using 0 001 c c of a four-hour-old broth culture to 
inoculate 3 cc of serum The serum was previously heated at 56 C for one 
half hour The bacterial count of the plates is given m approximate figures 


TABLE 1 — ^Results of Ethylhydrocuprein Injections in 
Hospital No 2825 


Serum 

Strains of Pneumococcus 
Obtained from Blood 

Number of Colonies of Pneumococci 
per 0 5 0 c of Serum When Plated* 

1 

Immediately' 

After 

1% Hours ! 
Incubation 

After 

24 Hours 
Incubation 

Before ethylhydrocuprem 

On admission (before 

400 

2,000 

Confluent 

was started 

ethylhydrocuprem) 





Two hours before death 

400 

2,000 

Confluent 

Pooled specimens obtain 

On admission (before 

400 

SOO 

0 

ed during ethylhydro- 

ethylhydrocuprein) 




cuprein treatment 






Two hours before death 

400 

2,000 

1 

Confluent 

1 


* Approximate counts 


From Table 1 it is seen that whereas the strain obtained from the 
patient’s blood before the ethylhydrocuprem treatment was started was 
readily killed by the pooled serum obtained during the administra- 
tion of the drug, the strain obtained from the blood towards the end 
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of the treatment and shortly before the death of the patient was com- 
pletely insusceptible to any pneumococcidal action of the same serum 
The effect of various concentrations of ethylhydrocuprein hydro- 
chlorid m broth on the growth of the different strains of pneumococci 
obtained from this patient was also studied In each test 0 1 c c of an 
eighteen-hour broth culture of the given strain was inoculated into 
5 c c of the broth containing the ethylhydrocuprein, mixed and incu- 
bated for forty-eight hours The degree of growth, if any, was judged 
macroscopically Plates were also poured and smears examined after 
incubation 


TABLE 2 — Growth in Broth Containing Various Dilutions of Ethyl- 
hydrocuprein Hydrochlorid of Strains of Pneumococcus Isolated 
FROM Blood or Hospital No 2825 


Designation 
of 1 

Strain 

Isolated 

Number of 
Colonies in 

0 000001 0 c 
of Culture 
Used in Tests 

A 


Prom blood on admission 



85 

B 


Prom blood on second day of ethylhydrocuprein treatment 

101 

0 


Prom blood on third day of ethylhydroeuprem treatment 

162 

D 


Prom blood on fourth day of ethylhydrocuprein treatment (2 hrs 
before death) 

150 

Tube* 


Dilution of 

Strain 

in Broth 

A 

B 

C 

1 D 

1 


1 100,000 

0 

0 

0 

0 

2 


1 200,000 

0 

0 

0 

0 

3 


1 400,000 

0 

0 

1) 

0 

4 


1 600,000 

0 

0 

0 

Grow til 

5 


1 800,000 

0 

0 

0 

Grow til 

b 


1 1,000,000 

0 

0 

Growth 

Grow th 

7 


1 1,200,000 

0 

Growth 

0 

Growth 

Control broth TVithout ethyl 
hydrocuprem 

Growth 

Growth 

Grow th 

Grow th 


* Tubes incubated forty eight hours at 37 5 O 


The results given in Tables 1 and 2 show definitely that during the 
course of treatment in this case the pneumococci in the body become 
gradually resistant to the action of the ethylhydrocuprein The obser- 
vations made in this case, together with the similar one made by us 
previously, not only demonstrate that this phenomenon of bacterial 
“fastness” may occur, but indicate that its occurrence is not infrequent 
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BACTERICIDAL ACTION OF PERICARDIAL FLUID 

We have previously reported^ that a pericardial exudate obtained 
post mortem from a patient who had received ethylhydrocuprein 
hydrochlorid by mouth for several days possessed bactericidal prop- 
erties In the present series of cases the same phenomenon was dem- 
onstrated in pericardial fluids obtained post mortem from four othei 
cases (Nos 2800, 2849, 2919 and 3031) In each case the pericardial 
fluid was allowed to clot and the supernatant fluid was then pipetted 
ofit and used for bactericidal tests Details of the tests of the peri- 
cardial fluid of two of these cases follow (Tables 3 and 4) 


TABLE 3 — ^Test of Bactericidal Powfr or Blood Serum and Pericardial 

Fluid from Hospital No 2800 


Tube 

Number 

Blood Serum 

Obtained* 

Number of Colonies of Pneumococci 
per 0 5 C c When Platedf 

Immediately 

After 

IM: Hours 
Ineubation 

After 

WVa, Hours 
Incubation 

1 

Before ethylhydrocuprein 

501 

1 

2,960 

Confluent 

2 

12 hours after first dose 

268 

54 

0 

3 

85 hours after first dose 

421 

121 

! 

0 

4 

Pericardial fluid obtained post mortem* 

i 

301 

345 

1 


* The pericardial fluid contained many pneumococci and it and the serum were heated at 
56 C lor three fourths hour before testing to destroy the contained pneumococci 
t Inoculation 0 001 c c of a four hour broth culture of Pneumococcus Type II 


TABLE 4 — ^Test of Bactericidal Power of Blood Serum and Pericardial 

Fluid from Hospital No 2919 


Tube 

Blood Serum 

Obtained 

Number of Colonies of Pneumococci 
per 0 5 C c When Plated* 

Number 

Immediately | 

After 

Hours 

Incubation 

After 

24 Hours 
Incubation 

1 

Before ethylhydrocuprein 

1,200 

2,400 

Confluent 

2 

13 hours after first dose 

1,200 

Complete in- 
hibitiont 

0 

3 

24 hours after first dose 

800 

Complete in 
hibition 

84 

4 

69 hours after first dose 

1,200 

Complete in 
hibition 

0 

5 

97 hours after first dose 

1,000 

Complete in 
hibition 

0 

6 

Pericardial fluid obtained post mortem 

2,000 


26 


* peculation 0 001 c c of a four hour broth culture of Pneumococcus Type I 
t Bj complete inhibition of growth is meant no increase in the number of colonies 
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In Hosp No 2849 the pericardial fluid obtained post mortem 
showed pneumococcidal action, although the blood serum obtained 
during the ethylhydrocuprein treatment showed only temporary inhibi- 
tion of growth 

These observations show that when ethylhydrocuprein hydrochlorid 
IS given by mouth according to the system of dosage used by us, it may 
pass into a serous sac (pericardial fluid) in amounts sufficient to exert 
a pneumococcidal action 

TOXIC DISTURBANCES OF VISION 

In one of the patients of our former series^ the administration of 
ethylhydrocuprein hydrochlorid led to the production of alarming and 
severe retinitis, from which, however, the patient recovered In the 
piesent series eight patients complained of amblyopia, mild in three 
cases, more severe in five On discontinuing the ethylhydrocuprein, 
vision was restored m all those who survived the pneumonia, and in 
the two who died the vision was improved after the discontinuance of 
the drug Some details of these eight cases follow 

Hosp No 2940 — Housewife, aged 31, weight 74 2 kg 
Fast History — Unimportant 

Piesent Illness — Chill, fever and pain in chest six days before admission 
Status on Admission — Temperature 1042 F , pulse 136, respirations 44 
Consolidation of left upper lobe, leukocyte count 41,400 Sputum tenacious, 
gray and contained Pneumococcus Type IV Patient quite ill Blood culture 
positive (four colonies per cubic centimeter) 

Couise and Tieatment — Ethylhydrocuprein hydrochlorid was started by 
mouth on the day of admission (seventh day of the disease) on a basis of 
00269 gm per kilogram of body weight for the first twenty-four hours 
(1X05 gm -f- 10 X 0 IS gm ) During the- second twenty-four hours 0 IS gm 
was given every two hours One hour after the second of these latter doses the 
patient complained of slight blurring of vision , later the vision seemed normal 
and the hearing became slightly impaired, about the time of the seventh dose 
(second twenty-four hours) the patient complained of “waves” before her eyes 
and continuous ringing in the ears and one and one half hours after this dose 
she complaind that everything was “blurred and indistinct ” The ethylhydro- 
cuprein was therefore discontinued and after about eight hours the patient 
was seen by Dr W W Weeks His report on her visual condition stated that 
both disks were pale, that there were numerous small areas of edema scattered 
throughout the fundi, and that the patient could at this time count fingers at 
a distance of 6 feet The patient died two days after the ethylhydrocuprein 
was stopped The total amount of ethylhydrocuprein given was 3 OS gm 
The bactericidal test of the serum of this case showed that pneumococcidal 
action for a stock strain of Pneumococcus Type II was present in the serum 
ten hours after the administration of the first dose of ethylhydrocuprein (plate 
poured immediately after inoculation showed 800 colonies , plate poured after 
one and one-half hours incubation, 400, and plate poured after twenty-four 
hours incubation was sterile) Pneumococcidal action was also present in 
serum obtained twenty-three hours after the initial dose The pneumococcidal 
action was no longer present m serum obtained shortly before death (ethyl- 
hydrocuprem having been discontinued for two days) 
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Hosp No 2555— Woman, cook, aged 42, weight 49 kg 
Past Histoi y — Unimportant 

Present Illness — Headache, pain in chest and vomiting two days before 
admission, followed next day by chill, little cough or expectoration 

Status on Admission — Temperature 102 8 C , pulse 96, respirations 32 
Involvement of right upper lobe posteriorly, leukocyte count 28,000, sputum 
slightly tenacious, not hemorrhagic, contained Pneumococcus Type II 

Coiuse and Tieatmcnt — Ethylhydrocuprein hydrochlorid was started by 
mouth on the day following admission, on a basis of 003 gm per kilogram 
of body weight for the first twenty-four hours (1X0 45 gm + 7X0 15 gm), 
thereafter 0 IS gm every three hours After a total amount of 1 95 gm 
had been given, the patient complained that she could not see, the administra- 
tion of ethylhydrocuprein was thereupon discontinued The pupils at this 
time were not dilated About one hour later the patient could distinguish the 
outline of persons Examination of the eyegrounds revealed no marked abnor- 
malities On the following day the vision was much improved and the eyes 
were examined by Dr W W Weeks, who reported that there was indistinct- 
ness of both disk margins, the fundi were pale, the veins were somewhat dilated 
and tortuous, the arteries were of normal size, the vision was 20/20 in both 
eyes, and the fields were normal About this time the patient could distinguish 
colors and said she could see quite well This patient received, in addition to 
the ethylhydrocuprein, 770 c c of antipneumococcus serum. Type II, intrave- 
nously, in divided doses The temperature reached normal on the eighth day 
of the disease Pneumococcidal power for a stock strain of Pneumococcus 
Type I was present in the serum of this case within twelve hours after the initial 
dose of ethylhydrocuprein 

Hosp No 2870 — Housewife, aged 46, weight 569 kg 
Past Histoty — Two previous attacks of pneumonia 

Present Illness — Three days before admission, chill, nausea, pain in chest, 
cough, blood-tinged sputum 

Status on Admission — Consolidation of left lower lobe, well marked friction 
rub over entire precordial region , area of cardiac dulness not enlarged Tem- 
perature 105 1, pulse 112, respirations 34 Sputum bright, rusty-red, muco- 
purulent and contained Pneumococcus Type H 

Couise and Tieatment — Ethylhydrocuprein hydrochlorid was started by 
mouth the day after admission (fourth day of disease) on a basis of 00263 
gm per kilogram of body weight per twenty-four hours (1 X045 gm + 
7 X 0 15 gm , thereafter 0 15 gm every two and a half hours) On the second 
day of treatment with ethylhydrocuprein the patient seemed slightly deaf and 
after 2 7 gm of ethylhydrocuprein had been given, on being questioned, the 
patient said that she could not see The pupils were widely dilated The 
ethylhydrocuprein was thereupon discontinued Three and a half hours later she 
said her sight was better, and in six hours after the last dose of ethylhydro- 
cuprein she could distinguish objects The next day her sight was consid- 
erably better and the pupils less dilated The patient was seen by Dr W W 
Weeks a few hours after the ethylhydrocuprein treatment had been discon- 
tinued Dr Weeks reported as follows “Fingers can be seen 1 foot distant, 
visual fields moderately contracted, color not recognized, media clear, disks 
and fundi pale, veins engorged, arteries somewhat narrow” Dr Weeks’ report 
two days later was as follows “vision 20/40+ with both eyes, visual fields 
contracted, especially on nasal side, red or green cannot be distinguished, disks 
pale, especially on temporal side , fundi not pale , condition of vessels same as 
on previous examination ” Her vision gradually improved and was normal 
when she left the hospital Pneumococcidal power for a stock strain of 
Pneumococcus Type I appeared in the blood serum of this patient within twenty- 
four hours of the administration of the first dose of ethylhydrocuprein 
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Hasp No Woman, aged 74, weight 58 5 kg 

Past History — Unimportant 

Present Illness— Tht patient said that she had not felt well for several 
days before admission On the morning of the day before admission she felt 
very ill and had a temperature of 105 C , cough, blood-tinged sputum and pain 
in chest 

Status on Admission — Temperature 1041 F, pulse 94, respirations 40 
Involvement of the left lower lobe, emphysema present, sputum tenacious, 
rusty and yielded on passage through a mouse, Pneumococcus mucosus 
(Type III) 

Couise and Tieatment — Ethylhydrocuprem hydrochlorid was started by 
mouth on the day of admission, on a basis of 0 03 gm per kilogram of 
body weight per twenty-four hours (1X06 gm 4-8X015 gm , thereafter 
015 gm every two hours) After 09 gm of the ethylhydrocuprem had 
been given the patient complained of hearing roaring noises, and after 3 gm 
of ethylhydrocuprem she complained that she could not see The ethylhydro- 
cuprein was then discontinued In six hours, however, she was able to count 
fingers and the next day her eyesight was much improved Eight hours after 
the patient complained of loss of vision she was seen by Dr W W Weeks, 
who reported that there was little change in the eyegrounds The patient died 
on the fifth day after admission to the hospital 

Pneumococcidal action for a stock strain of Pneumococcus Type II appeared 
in this patient’s serum six hours after the initial dose of ethylhydrocuprem 
Hasp No 3015 — Engineer, aged 47, weight 75 8 kg 
Past History — Unimportant 

Piesent Illness — Chill, vomiting, headache, and pain in chest thirty-six hours 
before admission 


Status on Admission — Temperature 104 6 F, pulse 128, respirations 34 
Consolidation of left lower lobe Sputum obtained on admission was tenacious, 
frothy, rusty and contained Pneumococcus mucosus (Type III) Urine gave 
a definite precipitin reaction with antipneumococcus serum Type III 


Couise and Treatment — Ethylhydrocuprem hydrochlorid was started by 
mouth eleven and one-third hours after admission to the hospital on a basis 
of 0034 gm per kilogram of body weight per twenty-four hours (1X06 
gm -k 10 X 0 2 gm ) After 2 4 gm had been given the patient complained 
that he could not see distinctly and the ethylhydrocuprem was discontinued 
At that time he could not see objects Wz feet from his eyes, but could 
distinguish direct light from darkness, the pupils were somewhat dilated 
and did not react to light, the veins were engorged and the eyegrounds some- 
what pale He had been questioned two and three-quarters hours previously 
as to whether he could see well, and replied that his vision was as good as nor- 
mal, at that time he was partially deaf Twelve hours after the complaint 
that vision was impaired, the patient could read a watch at 2 feet and a 
ward clock at about 20 feet, and said he could see well, but that objects were 


a little blurred Later that day he was examined by Dr W W Weeks, whose 
report is abstracted as follows “Vision 20/40 4- m both eyes, arteries injected, 
veins tortuous and engorged, left disk distinctly pale, especially the temporal 
half, visual fields restricted in both eyes, 10 degrees m right and 20 degrees 
in left, color is recognized by left eye but not by right” Three days later 
Dr Weeks reported as follows “Pupils equal, contracted, reacted readily to 
lieht during accommodation and on convergence, vision without correction 
O D 20/40 4- O S 20/210 with -|-12S O D 20/20, with 4- 1 50 O S 20/20, 
concentric contraction for form, more in left eye, media clear, retina some- 
what hazy near disks, so as to make disk margin a little indistinct, vessels 
normal except arteries of left eye which were somewhat smaller and more 
tortuous than those of right” 
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The temperature reached normal on the night of the day following admis- 
sion to the hospital, but rose again thirty-six hours afterward and remained 
elevated for four days, although the pulse and respiration rates did not increase 
and the patient felt quite comfortable The patient recovered 

The test of blood serum in this case showed pneumococcidal action for a 
stock strain of Pneumococcus Type II 

Hasp No 2972— Man, complained of slight transient blurring of vision at 
times after the temperature had become normal, ethylhydrocuprein was dis- 
continued (see Table 8 for details of the case) 

Hasp No 2837— Man, complained of transient deafness, transient dimness 
of vision occurred after the temperature had become normal, ethylhydrocuprein 
was discontinued (see details of case in Table 8) , the patient had an abrasion 
of the cornea and there was some inflammation of the right cornea on the 
morning that he complained of dimness of vision 

Hasp No 2911 — ^Woman, complained of dimness of vision and slight partial 
deafness after she had received 2 95 gm of ethylhydrocuprein hydrochlorid 
by mouth, both passed off after ethylh 5 'drocuprem had been discontinued (for 
details of the case see Table 8) 

In our entire senes of seventy-five cases, nine, or 12 per cent of 
the patients, showed some degree of amblyopia Of all the patients 
treated with ethylhydrocuprein which are recorded in the literature, 
between 4 and 5 per cent suffered from amblyopia, and in two of 
these the impairment of vision was more or less permanent (Oliver^ 
and Lorant®) In these latter cases, however, the dosage of the drug 
seems to have been excessive 

RELATION OF NUMBER OF PNEUMOCOCCI TO CONCENTRATION OF ETHYL- 
HYDROCUPREIN IN BACTERICIDAL TESTS 

In the technic employed in the bactericidal tests we have used a 
fairly constant and rather small number of pneumococci per cubic 
centimeter It seemed advisable to determine whether or not the 
degree of bactericidal action would be the same when a larger number 
of pneumococci are employed Specimens of broth containing a small 
amount of ethylhydrocuprein in solution were theiefore inoculated 
separately with two different amounts of the same culture and incu- 
bated at 37 5 C At frequent inten’’als plates were prepared and counts 
were made of the colonies which developed after incubation 

Expenment 1 — Fifty cc of bouillon containing ethylhydrocuprein hydro- 
chlorid 1 to 1,000,000 were inoculated with 0 01 c c of a twenty-four hour cul- 
ture of Pneumococcus Type II and a like amount of the same bouillon with 1 
c c of the same culture Similarly, two flasks containing 50 c c of broth each but 
without ethylhydrocuprein were inoculated with 001 cc and 1 c c of the culture, 
respectively, as controls All four cultures were incubated at 37 5 C and bacterial 
counts were made at frequent intervals by making suitable dilutions and pouring 
plates with 20 cc dextrose agar The results of the experiment are given in 
Table 5 


2 Oliver, G H Brit Med Jour, 1916, 1 , 580 

3 Lorant, L Deutsch med Wchnschr, 1916, 42, 1355 

I 
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TABLE 5 — Number op Pneumococci in Relation to Action of 
Ethylhydrocupeein Hydrochloeid 


Incubation 

Broth without 
Ethyibydrocuprein 
Inoculation 

0 01 0 c 

Broth with Ethyl 
hydrocuprein 

1 1,000,000 
Inoculation 
OOlOc 

Broth without 
Ethylhydrocuprein 
Inoculation 
100 c 

Broth with 
Ethylhydrocuprein 
1 1,000,000 
Inoculation 

10 C c 

Hours 

Min 

utes 

No of 
Viable 
Pneu- 
mococci 
per 

060 c 

Log 

No of 
Viable 
Pneu- 
mococci 
per 

06 Oc 

Log 

No of 
Viable 
Pneu 
mococci 
per 
06Oc 

Log 

No of 
Viable 
Pneu 
mococci 
per 

05 Oc 

Log 

O' 

0 

28,000 

4 447 

19,050 

4 379 

2,455,000 

6 390 

2,450,000 

6 389 

2 

0 

19,300 

4285 

11,450 

4 05 

2,870,000 

6 457 

1,685,000 

6 226 

4 

0 

9,750 

3 9S9 

475 

2 676 

7,050,000 

6 848 

1,005,000 

6 002 

5 

30 

11,450 

4 058 

37 

1568 

22,500,000 

7 352 

625,000 

5 795 

7 

0 

11,850 

4 073 

3 

0047 

26,500,000 

7 423 

370,000 

5568 

9 

0 

34,600 

4 537 

0 

0 

49,500,000 

7 694 

210,000 

5 322 

11 

35 

625,000 

6 795 

0 

0 

67,500,000 

7 829 

100,000 

5000 

25 


49,500,000 

7 694 

0 

0 

65,500,000 

7 744 

240,000 

6 380 

48 






61,000,000 

7 707 

45,000,000 

7 653 



Diagram illustrating Experiment 1 Time in hours as abscissae at bottom, 
and at left logarithms of numbers of viable pneumococci per 05 cc as ordinates 
A Broth without ethylhydrocuprein Inoculation 0 01 c c B, Broth with ethyl- 
hydrocuprein (1 1,000,000) Inoculation 0 01 c c C, Broth without ethylhydro- 


cuprein Inoculation 1 c c 
Inoculation 1 cc 


D, Broth with ethylhydrocuprein 1 1,000,000 
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This experiment shows that while 19,050 pneumococci were all 
killed in nine hours in broth containing ethylhydrocuprem 1 to 
1,000,000, 2,450,000 pneumococci weie reduced to 100,000 in eleven 
hours and thirty-five minutes, but the surviving pneumococci were able 
to grow and in foity-eight hours multiplied approximately to the same 
extent (45,000,000) as in the control broth culture The logarithms 
of the bacterial count aie shown in Table 5 The results of Experi- 
ment 1 aie shown giaphically by plotting curves (Fig 1), employing 
the time in houis as abscissa and the logarithms of the numbers of 
viable pneumococci per 0 5 c c of culture as ordinates 


PENETRATION OF ETHYLHYDROCUPREIN INTO 
FIBRINOUS EXUDATES 


In the course of our clinical and experimental observations on 
ethylhydrocuprem, we have received the impression that the drug does 
not readily penetrate the alveolar exudate The concentration of ethyl- 
hydrocuprem in the blood of patients leceivmg the drug, according to 
the dosage most commonl}'- used by us, is about 1 m 500,000, as judged 
by the pneumococcidal action of the serum m the test tube If ethyl- 
hydrocuprem m this concentration were to thoroughly penetrate the 
alveolar exudate, it should destroy the pneumococci present therein, 
and one might therefore anticipate a shortening of the duration of the 
disease Since the duration of the disease is not shortened the fol- 
lowing experiment was devised to study the power of ethylhydro- 
cuprem to penetrate a fibrinous clot 


Expemnent 2 — Fifty cc of normal rabbit blood were drawn into 1 cc of 
sterile 20 per cent sodium citrate solution (ZNaaCoHsOi H:0) and centrifugal- 
ized The supernatant plasma was drawn off and inoculated with a stock strain 
of Pneumococcus Type II (0 0001 c c of an eighteen-hour culture to 1 c c plasma) 
and 1 1 c c of sterile 9 5 per cent calcium chlorid solution was then added and 
thoroughly mixed The mixture was transferred to sterile cotton-plugged glass 
tubes 0 9 cm m diameter, 2 c c being placed in each tube A firm clot formed 
at the bottom of each tube m about one to one and a half hours at room tem- 
perature To one of the tubes 1 6 cc of 085 per cent saline solution was then 
added, covering the clot, and, in a similar manner, to each of the remaining tubes 
there was added 1 6 c c of saline solution containing a given concentration of 
ethylhydrocuprem hydrochlorid The tubes were kept at room temperature for 
one-half hour, then incubated for twenty hours at 37 S C , and examined The 
number of organisms used for the incubation had been so chosen that the control 
tube which contained no ethylhydrocuprem showed small discrete colonies uni- 
P^PPsring” the clot In the tubes containing the more concentrated 
^ y hydrocuprem solutions no growth occurred in the upper portions of the clot 
IS was interpreted as due to the effect of the ethylhydrocuprem penetrating the 
c ot m effective concentration to the depth of the zone of inhibition The depth 
inhibition bore a definite relationship to the concentration of the 
c y ydrocuprein in the supernatant fluid The zones of inhibition m the vari- 
ous tubes were measured and the results are shown in Table 6 
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TABLE 6 — Inhibition by Ethylhydrocwrein of Growth or Pneumococci 

IN Fibrinous Clots 


Dilution of 
Ethylhydrocuprein 

Depth in Mm of 
Zones of Inhibition 
of Growth 

Dilution of 
Ethylhydrocuprein 

Depth m Mm of 
Zones of Inhibition 
of Growth 

1 100 

10 

1 10,000 

55 

1 600 

95 

1 50,000 * 

35 

1 1,000 

90 

1 100,000 

25 

1 5,000 

00 

1 200,000 

1 15 

1 10,000 

66 

1 300,000 

1 25 

1 50,000 

35 

1 400,000 

10 

1 100,000 

26 

1 500,000 

00 

1 500,000 

00 

1 000,000 

00 

1 1,000,000 

00 



Control ivith saline 

0 0 

Control with saline 

00 


These experiments demonstrate that optochm, in the concentra- 
tions attainable with any degree of safety in the blood plasma of 
patients (about 1 in 500,000), possesses little power to penetrate a 
fibrinous clot It is, therefore, possible that pneumococci in the inteiior 
of a pneumonic exudate may escape the action of ethylhydrocuprein, 
even though the drug be present in the blood stream in considerable 
concentration 

CLINICAL OBSERVATIONS 

In discussing the effect of ethylhydrocuprein on the clinical course 
of the disease, the patients treated during the two years will be con- 
sidered as one series As previously, they will be analyzed from the 
standpoint of (a) the duration of the disease, (&) the occurrence of 
“spread” of involvement of lobes hitherto unaffected, (c) the effect 
of treatment on pneumococcemia and {d) mortality with reference 
to the immunologic classification of the infecting strain of pneu- 
mococcus 

(a) Effect on Duration of Disease — Using the occurrence of a 
rectal temperature below 100 F as a criterion for the termination of 
the acute attack, an arbitrary but serviceable standard, the average 
duration of the disease in all the recovered patients was eight days 
No marked shortening, therefore, of the course of the disease can be 
said to have occurred in our series 

(&) Occnuence of "Spiead'^ of Pulmonary Lesion — Of the 75 
cases, 20, or 26 6 per cent , showed a “spread” during treatment In 
14 of these 20 cases the serum of the patient possessed bactericidal 
power at the time the spread took place, this may be taken as presump- 
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tive evidence that the drug, although circulating in the blood in amounts 
sufficient to destroy pneumococci, does not pass into the alveolar spaces 
or exudate in amounts sufficient to destroy the bacteria there or inhibit 
their growth to any marked extent 

(c) Pneumococceima — In 23, or 30 6 per cent of the 75 cases, 
viable pneumococci were piesent in the circulating blood at some time 
during the course of the disease In many instances there were only a 
few pneumococci present, whereas in others there was a comparatively 
heavy blood infection In 19 of the 23 cases the blood culture was 
positive before ethylhydrocuprem treatment was begun , in 4 of these 
the blood culture became negative during treatment with ethylhydro- 
cuprein alone , 9 of the cases showed a progressively increasing number 
of micro-organisms while under treatment, and the remaining 6 died 
without subsequent blood cultures having been made When in addi- 
tion to ethylhydrocuprem immune serum was used in treatment, the 
number of pneumococci in the circulating blood was always reduced 
after the first administration of serum, but in one instance the number 
of micro-organisms later increased even though the patient received 
both ethylhydrocuprem and serum In 4 instances the blood culture 
was negative at the time the ethylhydrocuprem treatment was instituted, 
but became positive later From these results it may be stated that no 
marked beneficial effect of ethylhydrocuprein treatment was observed 
on the pneumococcemia of lobar pneumonia 

(d) Mottahty — Of the 75 patients treated, 28 died — a moitality 
1 ate of 37 3 per cent Some of the patients were inadequately treated, 
judging from the production of pneumococcidal power m the serum 
Moreover, in several cases treatment was instituted less than twenty- 
four hours before death and at a time when the patients were critically 
ill, the duration of administration of the drug m these cases was, 
therefore, too short to be of any value, considering the time required 
for its absorption and action If all the patients who are known to 
have been inadequately treated, regardless of whether they died or 
recovered, be excluded, and also those cases in which treatment was 
instituted within twenty-four hours of death, or m which crisis 
occurred before the serum acquired bactericidal power, there would 
remain 51 cases, of whom 16 patients died — a mortality of 31 3 pei 
cent Of the 24 cases excluded from consideration 12 patients died 
and 12 recovered The mortality rate m the 51 adequately treated 
patients, 31 3 per cent , does not show any considerable therapeutic 
effect from the use of the drug 

It should be stated that the series probably represents a group of 
very severe cases, for it is composed for the most part of cases due to 
infection with pneumococci of Types II and III, which we know are 
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the types responsible for the highest mortality rates When the 
expected mortality in each of these groups (untreated) is compared 
with that actually encountered in the patients treated with ethylhydro- 
cuprein, we find some reduction of mortality rate in the cases infected 
with pneumococci belonging to Group III, and no reduction in the cases 
due to pneumococci of Groups II and IV This will be seen from a 
study of Table 7, in which the cases are arranged according to the type 
of infecting pneumococcus and in which the mortality obtained in the 
various groups in our series is contrasted with that obtained in a large 
senes of patients not treated specifically and observed in different 
clinics ^ One is forced to conclude from these figures that treatment 
with ethylhydrocuprein hydrochlorid failed to cause any reduction m 
the general mortality rate 


TABLE 7 — Mortality Among Patiints Treated with Ethylhydrocuprein 
Hydrochlorid Compared with That of Patients Not Specially Treated 


Fnetimo 
coccus Type 

Numlier of 
Patients 
Treated with 
Ethylhpdro 
cunrein 

Eeeorered 

Died 

Mortality 

Eate 

Per cent 

1 

Average Mor 
tality Hate in 
Patients Not 
Specifically 
Treated 

II 

27 

19 

8 

29 6 

28 

III 

17 

10 

7 

411 

56 

IV 

6 

6 

1 

16 6 

16 

Unclassified 

1 

1 

! 0 

0 



51 

35 

16 

31 3 

About 26 


Of the 75 patients treated with ethylhydrocuprein, 14 in which the 
disease was caused by pneumococci belonging to Group II were treated, 
in addition, with the type homologous antipneumococcus serum This 
agent was used in the form of the whole serum intravenously or the 
concentrated “extract”^ of the serum subcutaneously and intravenously 
Of these 14 patients 10 recovered and 4 died, giving a mortality rate 
of 28 5 pel cent , so that no reduction in the mortality rate was observed 
in cases of lobar pneumonia due to Pneumococcus Type II as a result 
of treatment with ethylhydrocuprein and antipneumococcus serum 
The number of patients treated with serum and ethylhydrocuprein is 
too small, however, to permit of final conclusions on this point 

DISCUSSION 

The experimental studies which Ave have here discussed and those 
previously reported show that ethylhydrocuprein hydrochlorid fulfills 
at least some of the requirements of a chemotherapeutic agent m 
lobar pneumonia Even in high dilutions it kills the pneumococcus m 


4 Chickenng, H T Jour Exper Med, 1915, 22, 248 
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the presence of body fluids It % capable of being absorbed from the 
gastio-intestinal tract, and when injected into the muscles (Case 2947, 
Table 8) may pass into the blood stream Moreover, when a sufficient 
amount is administered by mouth, represented by 0 024 to 0 028 gm per 
kilogram of body weight per twenty-four hours, the blood serum 
becomes pneumococcidal in vitro, and furthermore, when such a con- 
dition obtains in the blood, the pericaidial fluid also becomes pneumo- 
coccidal The amount of the drug which it is necessary to admimstei 
111 order to achieve this result, however, cannot always be given with 
safety to the patient, for in one instance in our series of cases total 
blindness lasting six days resulted, and m eight other instances there 
occurred visual symptoms of sufficient gravity to make the discontinu- 
ance of the drug necessary A study of Table 8 would seem to suggest 
that where there is a comparatively heavy septicemia (for example, 100 
colonies per 1 c c or over) a dosage of ethylhydrocuprein represented 
by 0 026 gm per kilogram of body weight per twenty-four hours may 
be insufficient to produce pneumococcidal actions in the blood serum 
It IS possible that in such instances the diug may be fixed by the cir- 
culating pneumococci (Case Nos 2845 and 2892) In only one case 
(No 2822) which received 0 026 gm of the hydrochlorid of the drug, 
or over, per kilogram of body weight per twenty-four hours in suitably 
divided doses did pneumococcidal action fail to appear in the serum 

When the cases in our series are analyzed from the standpoint of 
the effect of the drug on the duration of the disease, on the occurrence 
of “spread” of the lesion to previously uninvolved lobes of the lung, on 
the pneumococcemia and on the mortality rate, the results do not 
afford much support for the loutine use of this diug in the treatment 
of acute lobar pneumonia 

It seems to us that the mam reason why ethylhydrocuprein has not 
produced more striking results in the treatment of lobar pneumonia is 
because the toxicity of the drug is such as to keep the limits of dosage 
below the limits of effectiveness If larger doses could be safely 
employed, it would be possible greatly to increase the amount of ethyl- 
hydrocuprein circulating in the blood This would in turn undoubtedly 
increase the rate and degree of the resulting pneumococcidal action 
in the blood and might conceivably lead to a greater penetration of 
the drug into the consolidated portions of the lung Our tests show 
that ethylhydrocuprein may be administered to patients in amounts 
sufficient to cause the serum to acquire pneumococcidal power With 
the dosage that may be safely employed, however, the serum exhibits 
its bactericidal activity only at a slow rate, considerable time being 
required Because of this fact the pneumococci in the body may be 
e.iposed for considerable time to concentrations of the drug insufficient 
to cause their destruction, particularly when they are protected by the 
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1 

Hos 

pital 

Case 

Num 

her 

Age 

1 

Weight, 

1 Kg 

Type 

ot 

Infec- 

ting 

Tneu 

mo 

coccus 

1 

Day 

of 

Disease 

When 

Ethyl- 

hydro 

cuprein 

Treat 

ment 

Was 

Begun 

liUng 

Involve 

meat 

on 

Admis 
Sion j 

j 

Blood 

Culture 

Before 

Treatment 

Method of 
Dosage 
of Ethyl- 
hydro 
cuprein in 
Periods of 
24 Hrs * 
Gm 

Amount 

of 

Ethyl 
hydro 
cuprein 
per Elio 
gram of 
Body 
Weight 
per 

24 Hrs 
Gm 

Tota 
Amoui 
of Eth: 
hydro 
cuprei 
in 
Gram 

2753 

27 

1 

65 8 ' 

1 

II 

3 

1 

L Jj i 

Sterile 

0 45-1-7 x 0 15, 
10x015 

0 0269 

57 

2754 

13 

29 6 

ir 

8 

1 

L D 

L L 

1 


0 3-1-7x01, 

10 x 01 

0 0252 

28 

2783 

48 

63 3 1 

1 

1 

III 

7 

E D 1 
E D 

Positive, 

325 col 
per 1 0 c c 

0 45-1-0 25-1-0 3, 
2X015, 
base 


13 

2786 

34 

42 7 

1 

! 

It 

8 

1 ' 

E TJ 

Sterile 

1 

0 3-1-0 2-f7x 
010, 10x01, 
base 

0 028 

22 

2797 

67 

78 2 

III 

2 

1 

E D 

Sterile 

0 6-f2x 0 25-1-0 
x015, 11x0 2 

0 023 

10 8 

2800 

42 

i 

78 9 

III 

i 

li L 

1 

Sterile 

, 1 

0 6-1-0 3-1-8X 

0 2, 165 in 
2nd 24 hrs 

0 03 

4 IS 

2812 

74 

685 

in 

2 

li L 

1 

Sterile 

0 6-1-8x015, 
12X015 

0 03 

30 

2822 

13 

37 2 

II 

6 

L li 

Sterile 

l>2-f7x01, 9x 
01, 10X01 

1 00241 

i 

36 

2762 

23 

70 0 

III 

3 

1 

R L 

Sterile 

1 

0 45-1-8x015, 
3x0 5 per 
rectum 

0 0235 ' 

3 IE 

2825 

60 

69 0 

i ' 

II 

O 

L L 

1 

Positive, 

3 col per 1 c c 

0 6-f8x015, 
12X015 

0 026 

1 

1 65 

2827 

i 29 

! 

1 

62 6 

1 

II 

1 

3 

L li 

L U 

Positive, 
2,000 cols 
per Ice 

0 45-1-2x015 

0 0285 

0 75 

2831 

1 

35 

! 57 0 

i 

II 

5 

li L 

Sterile 

0 45-1-7x015, 
10x0 15 

0 0263 

1 65 

2834 1 

1 

28 

1 58 4 

! 

11 

5 

li E 

Sterile, IGhrs 
after ethylhy 
drocuprein 
positive— 12 
col per Ice 

0 5-1-0 2-1-6X 
015, 9X015, 
10x015 

0 0274 

9 05 

2837 

48 

1 

46 0 

j 

III 

2 

R L 

1 

i 

1 

i 

Sterile 

0 45-f7x015, 
7X02 

0 0326 

29 


* Given by mouth unless otherwise stated, hydrochlorid used unless otherwise stated 
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OF Cases 


Time of 
Appear 
ance 
of Bac- 
tericidal 
Action 
m Serum 
after 
Initial 
Bose of 
Ethyl 
hydro- 
cuprein 

Bura- 

tion 

of 

Bis 

ease 

in 

Bays 

Toxic 
Symptoms 
Referable to 
Ethylhydro 
cuprein 

Complica- 

tions 

Occurrence 

of 

"Spread" 

Buring 

Treatment 

Result 

Remarks 

Kot 

7 

None 

None 

None 

Recovered 


studied 







Not 

10 

None 

Pericarditis 

None 

Beath 


studied 







No B A 

7 

None 

Pericarditis 

None 

Beath 

Blood culture 8 hours after treat 
ment showed innumerable colonies 
per 0 5 c c blood 

No B A 

9 

None 

None 

None 

Recovered 


20 Hrs 

7 

None 

None 

Spread to 
right loner 

Beath 


11 Hrs 

6 

1 

None 

None 

None 

Beath 

Blood culture 24 hours after treat 
ment was begun showed 23 colonies 
per 10 cc blood, pericardial fluid 
shoved bactericidal action 

6 Hrs 

6 ^ 

1 

Temporary 
blindness, 
deafness 
and tinnitus 

None 

None 

1 

Beath 

Etbylhydrocuprein discontinued on 
account of eye symptoms 

No B A , 

10 

None 

None 

None 

Recovered 


slight tern 
porarj in 
hibition 







5 Hrs 

5 

Persistent 

vomiting, 

partial 

deafness 

None 

None 

Recovered 


5 S Hrs 

5 

None 

None 

None 

Beath 

Progressive increase in septicemia 
dunng treatment "East" strains 
recovered from blood, antipneu 
mococcus serum 85 c c intraven 
ously on last day 

Not 

4 

None 

None 

None 

Beath 


studied 





11 Hrs 

6 

None 

None 

None 

Recovery 

75 c e antipneumococcus serum intra 
venously 

11 Hrs 

11 

None 

None 

Spread to 
right lower 

Beath 

Active maniacal delirium Blood cul 
ture positive 16 hours after ethyl 
hydrocuprein was started, 1,015 cc 
antipneumococcus serum intraven 
ously 

IVithin 

24 Hrs 

4 

Transient 
deafness, 
slight dim 
ness of vis 
ion after 
Temp had 
become 
normal 

None 

None 

Recovery 

Ethylhydroeuprein discontinued after 
temp became normal on account 
of eye symptoms Eye grounds 
apparently normal on ophthalmo- 
scopic examination at time patient 
complained of dimness of vision 
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TABLE 8 — Summary 


Hos 

pital 

Case 

Num- 

ber 

Age 

Weight, 

Kg 

Type 

of 

Infec- 

ting 

Pneu 

mo 

coccus 

Day 

of 

Disease 

When 

Ethyl- 

hydro- 

cuprein 

Treat 

meat 

Was 

Begun 

Lung 

Involve 

ment 

on 

Admis 
si on 

Blood 

Culture 

Before 

Treatment 

Method of 
Dosage 
of Ethyl- 
hydro 
cuprein in 
Periods of 
24 Hrs * 
Gm 

Amount 

of 

Ethyl 
hydro 
cuprein 
per Kilo 
gram of 
Body 
Weight 
per 

24 Hrs 
Gm 

Total 
Amount 
of Ethyl 
hydro 
cuprein 
m 

Grams 

Dura 

tion 

of 

Treat- 

ment 

in 

Days 

2838 

45 

48 8 

III 

4 

E L 

9 

Sterile 

0 5+5x0 2, 
8x0 2, 6x0 25 

0 0307 

76 

5 

2845 

46 

40 4 

II 

Pi 

E D 

Positive, 
1,000 col 
per 1 c c 

05+4x025, 
6x0 25 

0 0371 

20 

1% 

2849 

42 

m 4 

III 

4 

E U 

Positive, 
Icoi m 

3 c c 

0 5+4x0 25, 
6x0 25 

0 0158 

20 

1% 

2865 

23 

604 

II 

4 

L U 

Sterile 

0 45+7x015, 
10x0 15 

0 0248 

5 25 

4 

2869 

31 

66 6 

II 

2 

E L 

Positive, 

400 col per 

1 cc 

0 45+7x015, 
10x015 

0 0225 

53 

4 

28ro 

46 

56 8 

II 

4 

L L 

Sterile 

0 45+7x 0 15, 
8x015 

0 0263 

27 

2 

2879 

26 

79 0 

II 

3 

L L 

Positive 

0 5+9X015, 
10x015 

0 0234 

3 45 

2 

2885 

42 

49 0 

II 

3 

E U 

Sterile 

0 45+7x015 

0 0300 

195 

1% 

2886 


59 8 

ir 

4 

L U 

Sterile 

0 45+7x0 15, 
11X015 

0 0250 

5 25 

4 

2892 

41 

59 0 

II 

5 

B D 

Positive, 

100 col per 

ICC 

0 45+ 7 x 0 15, 
10x015 

0 0254 

2 25 

la 

2890 

28 

35 5 

II 

4 

R L 

Positive, 

3 col per 
ICC 

0 45+8x015, 
10x015 

0 0464 

54 

4 

2897 

34 

59 0 

II 

4 

L U 

Sterile 

0 45+7x015, 
10x015 

0 0254 

60 

4 

2898 

32 

53 2 

III 

5 

L L 

Positive, 

120 col per 

ICC 

0 45+7 x 0 15, 
10x015 

0 0283 

3 75 

3 

2911 

50 

74 2 

III 

8 

E U 

Sterile 

0 45+7X 
015+1x01, 
at rate of 
10x015 
thereafter 

0 021 

2 95 

i 

1 

1 

2 


» Given by mouth unless otherwise stated, hydrochlond used unless otherwise stated 



OF Cases 


Time of 
Appear- 
ance 
of Bac- 
tericidal 
Action 
in Serum 
after 
Initial 
Dose of 
Ethyl 
hydro- 
cuprein 

Dura 

tion 

of 

Dis 

ease 

m 

Days 

Toxic 
Symptoms 
Referable to 
Ethylhydro- 
cuprem 

Complica- 

tions 

Occurrence 

of 

“Spread” 

During 

Treatment 

Result 

Remarks 

"Within 

24 Hrs 

9 

None 

None 

None 

Recovery 


NoB A , 
temporary 
inhibition 
only 

7 

None 

None 

None 

Death 

Pericardial fluid showed bactericidal 
action, 300 c c antipneumococcus 
serum intravenously 

No B A 

5 

None 

None 

None 

Death 

Blood culture before death, 1,000 
colonies per 1 0 c c blood 

Within 

24 Hrs 

7 

None 

None 

None 

Recovery 


No B A 

6 

None 

None 

Spread to 
right upper 

Death 

Blood culture constantly positive, 
10,000 colonies per 10 c c just 
before death, 580 c c antipneu- 
mococcus serum intravenously 

Within 

24 Hrs 

9 

Transient 
amblyopia 
and deafness 

None 

None 

Recovery 

Ethylhydrocuprein discontinued on 
onset of amblyopia 

No B A , 
slight tern 
porary in 
bibition 

5 

None 

None 

None 

Recovery 

Blood culture became negative dur- 
ing treatment, 440 c c antipneu 
mococcus serum intravenously 

Within 

12 Hrs 

Within 

12 Hrs 

8 

8 

Transient 
amaurosis 
and tinnitus 

Slight deaf 
ness 

None 

None 

None 

None 

Recovery 

Recovery 

Ethylhydrocuprein discontinued on 
account of eye symptoms, 770 c e 
antipneumococcus serum intraven- 
outly, delayed resolution 

NoB A , 
slight tern 
porary in 
hibition 

7 

None 

None 

Spread to 
right lower 

Death 

Blood culture before death, 600 col 
onies per 1 0 c c blood 

Within 

24 Hrs 

8 

None 

Pneumo 

coccal 

meningitis 

Spread to' 
left lower 

Death 

Blood culture 18 hours after ethyl- 
hydrocuprein was commenced 
showed 14 colonies per lee, 1,300 
cc serum intravenously, 80 c c 
serum intraspmously, 30 c c con 
centrated serum subcutaneously 

Within 

12 Hrs 

8 

None 

None 

None 

Recovery 

380 c c serum intravenously, 74 c c 
cone serum subcutaneously 

Within 

24 Hrs 

8 

None 

None 

Spread to 
right lower 

Death 


Complete 

inhibition 

8 

Temporary 
blurring of 
vision and 
temporary 
partial 
deafness 

None 

None 

Recovery 

Ethylhydroeuprem discontinued on 
account of eye symptoms 
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TABLE 8 — Summary 


Hos 

pital 

Case 

Num- 

ber 

Age 

tVelght, 

Kg 

Type 

of 

Infec 

ting 

Tneu 

mo- 

coccus 

Day 

of 

Disease 

When 

Ethyl- 

hydro 

cuprein 

Treat 

ment 

Was 

Begun 

Lung 

Involve 

ment 

on 

Admis 

Sion 

1 

Blood 

Culture 

Before 

Treatment 

Method of 
Dosage 
of Ethyl- 
hydro 
cuprem in 
Periods of 
24 Hrs • 
Gm 

Amount 

of 

Ethyl 
hydro- 
cuprem 
per Kilo 
gram of 
Body 
Weight 
per 

24 Hrs 
Gm 

Total 
Amount 
of Ethyl 
hydro 
cuprein 
in 

Grams 

Dura 

tion 

Of 

Treat 

ment 

in 

Days 

2919 

35 

49 8 

■u j 

1 

4 

1 

L L 

Sterile 

0 45-}-7><015, 
10X016 

0 03 

6 30 

1 

4 

2922 

SO 

680 

II 

4 

L L 

Sterile 

0 45-1-7x015, 
10x0 15 

0 0258 

111 

8 

2926 

19 

460 

II 

1 

5 

1 

R D 

Sterile 

0 45+5x015, 
7x015 

0 026 

30 

2% 

2927 

1 

, 22 

56 4 1 

1 

III 

3 

B L 

Sterile 

0 45+7x015, 
8X015 

0 0265 

4 95 

4 

2940 

31 

74 2 

IV 

7 

L U 

Positive, 

4 col per 
Ice 

0 5+10x015, 
12x015 1 

0 0269 

3 05 

O 

2943 

1 

, 22 

44 4 

II 

5 

1 B L 

1 Sterile 

0 4+8x01, 
12x01 

0 027 

49 

4 

2946 

28 

62 6 

II 

4 

R U 

Stei lie 

0 5+8x015, 
12x015 

1 0 0271 

12 8 

8 

2947 

61 

70 4 

1 in 

! 

1 

1 6 

R L 

Positive 

0 7 intra- 
muscularly 
+ single dose 
of 1 8 gm 
intramus 
cularly 

0 0355 

99 

5 

2973 

40 

60 2 

1 

III 

3 

R D 

sterile 

0 45+7x015, 
10x015 

0 0375 

315 

3 

2972 

19 

55 6 

II 

1 

L L 

Sterile 

0 45+7x015, 
10X0 16 

0 0269 

655 

4^ 

2991 

j 

49 

i 

1 712 

! 

i II 

1 

2 

1 

R L 

Sterile 

0 45+9X 
015. 6x0 3 

0 025 

14 4 

8 

3006 

35 

46 8 

1 

II 

1 

3 

B L 

Sterile 

0 46+7x015, 
10X015 

0 032 

78 

6 

3015 

1 

47 i 

1 

75 8 . 

1 

III 

3 

L L 

Sterile 

0 0+10x0 2 

0 034 

22 

1 

2S68 

20 

67 0 


5 

H L 

Sterile 

0 45-J-7X015 

0 0263 

15 

1 

3031 

38 

57 0 

1 

1 

II 

1 

3 

1 

J. -L 

1 

Positive, 

80 col per 
ICC 

1 

0 45+8x015, 
9x015, 
10X015 

0 028 

63 

6% 


* Given by mouth unless otherwise stated, hydrochlorid used unless otherwise stated 
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OF Cases 


Time of 
Appear- 
ance 
of Bac 
tericidal 
Action 
m Serum 
after 
Initial 
Dose of 
Ethyl- 
hydro- 
cuprein 

Dura- 

tion 

of 

Dis 

ease 

in 

Days 

To'^ic 
Symptoms 
Eeferable to 
Ethylhydro- 
cuprein 

Complica- 

tions 

Occurrence 

of 

“Spread” 

During 

Treatment 

Result 

Remarks 

"Within 

12 Hrs 

9 

None 

None 

Spread 

Death 

Pericardial fluid showed bactericidal 
action, blood culture sterile post 
mortem 

12 Hrs 

14 

None 

None 

Spread to 
left upper 

Recovery 

197 c c cone serum subcutaneouslj 

12 Hrs 

8 

Slight 

deafness 

None 

None 

Recovery 


12 Hrs 

6 

Temporary 

deafness 

None 

Spread to 
left upper 

Recovery 


10 Hrs 

11 

Dimness of 
vision and 
tinnitus 

None 


Death 

Ethjlhydrocuprem discontinued on 
account of eye symptoms, eye 
symptoms disappeared 

10 Hrs 

10 

None 

i 

None 

Spread to 
right upper 

Recovery 


12 Hrs 

12 

None 

None 

Spread to 
right lower 

Death 

Blood culture shortly before death 
yielded innumerable colonies 

6 5 Hrs 

1 

? 

None 

Empyema 

Spread to 
left lower 

Operatloh, 
death 60 
days after 
admission 

Blood culture became negative, 
intermission of 90?S hours in 
ethylhydrocuprein treatment after 
2 5 gm had been given 

Within 

24 Hrs 

6 

Temporary 

deafness 

None 

None 

Recovery 


Within 

24 Hrs 

6 

Slight tran 
sient blur- 
ring of 
vision after 
temp had 
become 
normal 

None 

None 

Rocoverj 


Not 

studied 

9 

Temporary 

deafness 

Delayed 

resoluton 

None 

Recovery 

! 


Within 

12 Hrs 

8 

None 

None 

Spread to 
left lower 

Death 


Within 

12 Hrs 

? 

Temporary 

blindness 

None 

None 

Recovery 

Ethylhydrocuprein discontinued on 
account of visual symptoms 

Not 

studied 

12 

None 

None 

None 

Recovery 

Ethylhydrocuprein discontinued be 
cause It was thought that patient 
had had crisis 

Within 

12 Hrs 

8 

None 

None 

None 

Death 

Strain obtained just after death was 
not “fast" to ethylhydrocuprein, 
pericardial fluid obtained post 
mortem showed pneumococeidal 
action for Type I pneumococcus 
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comparative impenetrability of a solid pneumonic exudate Under 
such circumstances, as we have shown, pneumococci may become 
resistant or “fast” to the action of the drug 

As our experiments indicate, there seems to be some relationship 
between the number of pneumococci and the concentration of ethyl- 
hydrocuprein which is required to completely kill them Thus, m test 
tube experiments it has been shown that whereas a given amount of 
the drug m solution is sufficient to destroy a given number of pneumo- 
cocci per unit volume, the same amount of drug is not able to destroy 
100 times this number in the same volume Inasmuch as we cannot 
estimate in any human case the number of pneumococci which it is 
necessary to destroy, it is quite conceivable that much larger amounts 
of the drug than we have found it safe to administer may be necessary 
to produce the required concentration in the body fluids 

Finally, it is probable that in the concentration which may safely 
be attained in the blood stream of the patient (about 1 m 500,000), 
the drug does not penetrate the alveolar exudate to any marked 
degree and therefore cannot kill the pneumococci there present 

Our conception of the present status of ethylhydrocuprein therapy 
in lobar pneumonia is, then, that while much of the experimental 
evidence is favorable, the clinical results that have been obtained 
are scarcely sufficient to warrant the routine administration of a drug 
the use of which may result in damage to vision Probably the drug 
would be efficient if it could be given in larger amounts As a “lead” 
in chemotherapy the drug is of great value, synthetic study of the 
quinin alkaloids should be made for a compound possessing greater 
pneumococcidal power in the presence of body fluids, greater velocity 
of action on pneumococci and less toxicity Such a compound should, 
in addition, possess the power of rapid and easy penetration into the 
alveolar exudate With such a drug at our disposal we might expect 
in lobar pneumonia something approaching a theiapia stenlisans magna 

CONCLUSIONS 

1 Ethylhydrocuprein (optochin) base is absorbed with difficulty 
into the blood stream from the gastro-intestinal tract , the hydrochlorid 
of the drug is readily absorbed 

2 During treatment with ethylhydrocuprein pneumococci in the 
human body can gradually become “fast” or resistant to its action 

3 The pericardial fluid obtained post mortem from patients treated 
with ethylhydrocuprein hydrochlorid showed pneumococcidal power 

4 The serum of one patient who received a very large dose of 
ethylhydrocuprein hydrochlorid intramuscularly showed pneumococ- 
cidal power (Case 2947, Table 8) 
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5 Among seventy-five patients treated with ethylhydrocuprein 
there were nine who showed some degree of amblyopia (12 per cent ) , 
this was mild in three cases and more severe m six In all those who 
recovered from the pneumonia, the eye symptoms disappeared com- 
pletely after the administration of the drug had been discontinued 

6 The systematic use of ethylhydrocuprein (optochin) m the treat- 
ment of seventy-five cases of acute lobar pneumonia due to pneumo- 
cocci did not lead to any noteworthy therapeutic benefit The failure 
of the ethylhydrocuprein treatment to influence favorably the course 
of the disease is probably due to the following 

(a) It IS impossible to administer a sufficient amount of the drug 
to produce an effective concentration in the blood stream without at 
the same time exposing the patient to the danger of toxic action 

(h) The rate of the pneumococcidal action of ethylhydrocuprein 
IS too slow in the concentrations which may be attained in the blood 
stream of the patient with any degree of safety, pneumococci, there- 
fore, may gam access to the circulating blood at a greater rate than 
they are destroyed therein, even though the serum show pneumococ- 
cidal action 

(c) In the concentrations which are safely attained m the body 
fluids the drug probably penetrates but poorly into the alveolar 
exudate 

7 The routine use of ethylhydrocuprein in the treatment of acute 
lobar pneumonia cannot be recommended 


/ 
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CIRCULATORY REACTIONS TO EXERCISE DURING 
CONVALESCENCE FROM INFECTIOUS DISEASE 

HUBERT MANN, MD 

NEW YORK 

The return of patients to normal after pneumonia, typhoid and 
typhus fevers and the other infectious diseases is a phenomenon with 
which we all are familiar clinically, j et convalescence up to the present 
has not been investigated in any exact'or quantitative way The length 
of time during which convalescent patients are confined to bed and the 
resumption of normal life are graduated very differently by different 
practitioners In view of this great variation in procedure any accu- 
rate or quantitative method by which we could observe the stage of a 
patient’s convalescence would be very desirable 

At present the need for such an accurate method of following a 
patient’s convalescence is rendered acute by the military situation We 
have in training a great number of young men, many of whom are 
being attacked by infectious diseases In the treatment of these patients 
efficiency demands that their absence from military duties shall be suf- 
ficient for complete convalescence but shall not be prolonged undul;y 
beyond the proper time If the proper time for convalescence is to be 
determined, as it is at present, solely by the opinion of the attending 
physician, it is highly probable that some soldiers will be returned to 
active service too soon and some too late In the former case we may 
do the patient serious injury, in the latter case we shall have wasted 
time, attention and hospital accommodation at a time when all of these 
are in great demand With these considerations in mind we have con- 
ducted a series of experiments on patients recovering from acute 
infections 

We have confined our attention to the circulatory system because 
of the following considerations Once the original infection has been 
overcome, the recovery of the patient means really the recovery of the 
patient’s ability to do muscular work, and the recovery of the patient’s 
ability to do muscular work is essentially a circulatory rather than a 
muscular phenomenon The ordinary person in health overtaxes his 
circulation long before he exhausts his skeletal musculature The con- 
valescent from infectious disease is limited in his exercise not by what 
his muscles can do but what his heart can do This is obvious when 
we consider that the serious pathologic effects of overexertion, both m 
health and in disease, are not muscular but circulatory We cannot 

« Submitted for publication Jan 23, 1918 

■^From the cardiographic laboratory of the Mount Sinai Hospital 
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easily overwork a skeletal muscle, because it has a very efficient safety 
device — refusal to respond We can overwork the circulatory system, 
because refusal to respond adequately on its part does not result in 
immediate cessation of work Therefore, it seemed logical to determine 
the circulatory reactions following muscular work at different periods 
during convalescence to see if we could discover any change in these 
reactions which might afford a criterion of the return to normal of the 
circulation 

The patients whose recovery we have followed have all been men 
between the ages of 21 and 45 years There are ten cases m our series 
seven pneumonias , one pleurisy , one typhoid fever , one typhus fever 

Our procedure has been as follows The pulse rate was taken sev- 
eral times until it reached a constant figure The systolic blood pres- 
sure was read by auscultation (using a mercury sphygmomanometer) 
until it reached its normal level Then the patient performed a definite 
amount of work The pulse rate was counted for 15 seconds immedi- 
ately after the work and, at the end of 110 seconds, it was counted 
again for 20 seconds From these two figures the rates immediately 
after exercise and at the end of 120 seconds were calculated The sys- 
tolic blood pressure was taken by the method described by Barringer’- 
and also, in some cases, by the method of Cotton, Rapport and Lewis ^ 
Our exercises have consisted in sitting up in bed and in flexing and 
swinging dumb-bells of various weights We have calculated the work 
done in foot-pounds The calculation of work done is fairly accurate 
and the error is constant for the same patient, so that slight inaccuracies 
will not vitiate our conclusions 

The method of Barrmger’^ consists in taking the systolic pressure 
before exercise and then taking three readings after exercise — ^the first 
between 25 and 30 seconds, the second between 55 and 60 seconds, the 
third between 85 and 90 seconds — the endeavor being to make the read- 
ings as close to 30, 60 and 90 seconds as possible The method 
described by Cotton, Rapport and Lewis- consists in taking the first 
reading as soon after exercise as possible and in taking numerous read- 
ings thereafter at very short intervals These readings, when plotted, 
give us a curve which shows the variations in the systolic pressure after 
exercise For reasons which we give later we have used Barringer’s 
method in the majority of our experiments Our technic has been 
standardized during the past four months by testing the circulatory 
reactions of a number of normal persons and of many patients suffering 
from cardiac insufficiency 

1 Barringer, T B , Jr Studies of the Heart’s Functional Capacity, The 
Archives Int Med , 1917, 20, 829 

2 (^tton, T F , Rapport, D L , and Lewis, T After Effects of Exercise on 
Pulse Rate and Systolic Blood Pressure in Cases of “Irritable Heart,” Heart 
1917,6,269 
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Barringer believes that a “delayed rise” (“delayed summit,” Cotton, 
Rapport and Lewis) indicates the overtaxing of the cardiac reserve 
power A reading at sixty seconds after exercise which is 4 mm or 
more higher than the reading at thirty seconds has been taken as indica- 
tive of a delayed summit We have generally been able to produce a 
delayed summit much more pronounced than this minimum 

The following typical normal series of tests will illustrate the 
method of testing and recording The subject was a normal man, 26 
years old, weighing 160 pounds 

His systolic blood pressure at rest was 130 

He swung two 10-pound dumb-bells 10 times 

(Calculated work = 2,400 foot-pounds) 

His systolic pressure after work was — at 30 seconds ISO 

at 60 seconds 140 

at 90 seconds 130 

In 5 minutes his systolic pressure at rest was constant at 120 
He swung two 10-pound dumb-bells 25 times 

( Calculated work = 6,000 foot-pounds) 

His systolic pressure after work was — at 30 seconds 152 

at 60 seconds 152 

at 90 seconds 144 

In 5 minutes his systolic pressure at rest was constant at 125 
He swung two 10-pound dumb-bells 30 times 

(Calculated work = 7,200 foot-pounds) 

His systolic pressure after work was — at 30 seconds 150 

at 60 seconds 164 (delayed 

summit) 

at 90 seconds 156 

In tabulated form the record reads as follows 
130 120 125 

2 X 10 S 10 (2,400) 2 X 10 S 25 (6,000) 2 X 10 S 30 (7,200) 


30 

150 

30 

152 

30 

150 (delayed 
summit) 

60 

140 

60 

152 

60 

164 

90 

130 

90 

144 

90 

156 


Graphically the record would appear m Chart 1 
We can express the fact that the subject showed a delayed summit 
after doing 7,200 foot-pounds of work and did not show a delayed 
summit after 6,000 foot-pounds of work as in Chart 2 

We have omitted any mention of the time in which the work is 
done Patients soon acquire a regular rhythm in working, the time of 
each swing being the same (2 to 3 seconds) Thus, the time factor 
becomes a constant and can be left out of consideration 

The accompanying series of charts (Charts 3, 4, 5 and 6) shows the 
change in reactions of the blood pressure to muscular work during 
convalescence 

It will be observed that all the convalescent patients show the same 
phenomenon — a progressive increase in the amount of work that can 
be done without causing a delayed summit of blood pressure This 
increase in all cases was synchronous with subjective symptoms of 
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BLOOD pressure 
•N 

MM OF mercury 



Chart 1 — This chart shows a typical series of blood pressure readings after 
increasing amounts of work The subject was a normal man 26 years old 
Note that after a small amount of work the pressure falls rapidly, after a 
greater amount of work the return to normal is not so rapid , after a still greater 
amount of work the blood pressure continues to increase for some time — 
“delated summit” The blood pressure before exercise was about 125 


F66T 

pOVJNOS 



Chart 2 — This chart indicates that with 6,000 foot-pounds of work or less 
there is no delayed summit, with 7,200 foot-pounds of work or more there is a 
delayed summit, between 6,000 and 7,200 foot-pounds the circulatory reaction 
to work changes 
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DAYS 1 ^ 5 4 3 ~(o T b ^ r 

Chart 3 


FOOT 

POUNDS 



DiKS 1 Z 3 4 5 6 7 8 9 10 11 12 13 


Chart 4 

Charts 3 and 4 — These charts show the change in the circulatory reaction 
to exercise which takes place during convalescence Chart 3 is from the patient 
I M in Table 1 , Chart 4 is from the patient C B m Table 1 
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Chart 5 


FOOT 

■POUNDS 

8000 p 

7500 L 



DAYS 1 2 3 4 5 T 6 S 10 II J2 13 14 15 It 17 18 


Chart 6 


6— These are like charts 3 and 4 They show the same 
Tahit f m circulatory reactions Chart 5 is from the patient R ] 

Die 1 , Chart 6 is from the patient M O m Table 1 
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improvement and increased activity Patients R F and C B , who 
show a late development of this phenomenon, were subjectively weak 
and improved very slowly before the time at which the objective 
improvement in the circulatory reactions began Synchronously with 
the objective improvement there was marked subjective and clinical 
improvement 

In the cases I M , C B , R F and M O , which were followed 
carefully with daily readings, it will be noted that this change in the 
circulatory reactions is most marked during a period of a very few 
days In the case of I M the change in four days was from 1,500 to 
6,500 foot-pounds In the case of R F , in two days the point at 
which the delayed summit appeared rose from 500 to 5,000 foot-pounds 
C B rose from 1,500 to about 5,000 foot-pounds in two days M C 
changed from about 1,000 to above 3,000 in two days 


„ FOOT- 
POUNDS 

4000 











3500 

3000 

2500 

2000 

1500 

1000 


500 
TOOT 
POUNDS 
DAYS 1 









12 


37 


Chart 7 — This chart shows the circulatory reactions to exercise in a normal 
woman taken day after day Note that the daily variation is comparatively 
slight Compare with Charts 3, 4, S and 6 


That this change is not a mere result of the exercises to which the 
patient is subjected in the process of trying out his circulatory reactions 
IS shown by the control Chart 7 The control was a normal woman not 
used to exercise Observe that there is no marked change produced by 
the amount of exercise necessary to try out her circulatory reactions 
Table 1 summarizes our results m this series of patients 
When the method of frequent readings is used we obtain a result 
something like that shown in Chart 8, which is taken from the 
case R F 

Both the slow readings and the rapid readings are given, and it will 
be observed that they both give exactly the same conclusions as regards 
the circulatory reactions The readings taken at thirty, sixty and 
ninety seconds with the rapid method compare well with the same 
readings taken with the infrequent method We have observed this 
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TABLE 1 Change in Reaction of the Systolic Pbessure to Exercise 

During Convalescence 


Patient 

Age 

Disease 

Recovery 

Circulatory Reactions to Exercise 

Days 

I M 

22 

lobar 

Crisis 

1 

2 

3 

4 

5 

6 

7 

8 


21 



pneu 

—9 

1,200 

1200 

1,400 

2,800 

3,060 

3,600 

6.600 

6,160 


7,500 



monla 

days 

900 

1,000 

1,120 

2,100 

2,800 

3,420 

6,160 

5,500 


6,600 

0 B 

40 

Lobar 

Crisis 

1 

3 

4 

5 

6 

10 

11 

12 

13 




pneu 

—6 

750 

1,000 

750 

1,600 

1,600 

1,400 

1,400 

3,800 

5,400 




monla 

days 

500 

750 

400 

1,200 

1,200 

1,000 

1,200 

3,300 

3,600 


R P 

41 

Lobar 

Lysis 

1 

2 

3 

4 

6 

8 

9 

10 

11 

17 



pneu 

—6 to —3 

450 

450 

500 

450 

2,400 

1,200 

600 

2,400 

5,400 

8,100 



monla 

days 

300 

300 

460 

360 

1,600 

800 

300 

1,800 

3,600 

7,200 

M 0 

23 

Lobar 

Crisis 

1 

2 

3 

5 

8 

12 




18 



pneu 

—3 

450 

1,000 

1,400 

4,000 

4,500 

5,500 




7,000 



monia 

days 

300 

500 

600 

3,000 

4,000 

5,000 




6,000 

B M 

44 

Typhus 

Crisis 

1 





6 








—9 

1,300 





2,500 








days 

1,100 





2,100 





B B 

27 

Lobar 

Crisis 

1 






7 






pneu- 

—12 

2,300 






3,500 






monia 

days 

1,800 






3,000 




0 G 

22 

Fibrinous 


1 



4 

5 








pleurisy 


200 














0 



2,200 

3,500 






J 0 

21 

Typhoid 

Lysis 

1 

2 



6 




9 

20 




—1 to +2 


1,100 







2,600 





days 

600 

600 



1,100 




1,800 

5,300 

W M 


lobar 

Crisis 

1 






7 


9 




pneu 

—3 

400 






1,400 


1,600 




monia 

days 

200 






800 


1,200 


H E 

21 

Lobar 

Crisis 

1 


3 

4 









pneu 

—15 

1,900 


4,000 

5,000 









monia 

days 

1,500 


3,200 

4,000 








1 numeral of each pair gives the greatest amount of work, cal- 

culated in foot-pounds, which was not followed by a delayed summit The upper 
numeral gives the smallest amount of work which was followed by a delayed 
summit For example Patient I M was tested for the first time nine days after 
his crisis and showed a delayed summit with 1,200 or more foot-pounds of work, 
while with 900 foot-pounds or less he showed no delayed summit Twenty-one 
days later he showed a delayed summit with 7,500 foot-pounds of work or more 
r R summit with 6,600 foot-pounds or less Note The patients, 

/-I 1 o ^ ^ ® ’ have their reactions represented graphically in 

L-harts o, 4, 5 and 6, respectively 
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the patient rested from five to ten minutes after each exercise 
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same correspondence whenever we have compared the two methods 
The infrequent or slow method, while it does not give us such detailed 
information about the exact shape of the curve, does give us the infor- 
mation which we have found to be of the most value , that is, whether 
or not there is a delayed summit It is a method which is much easier to 
use, since it requires only one examiner, while, with the frequent read- 
ing method, two persons are required, one to read and one to record 
For practical work the Barringer method has the advantage of sim- 
plicity combined with adequacy 

EFFECT OF EXERCISE ON THE PULSE RATE 

Table 2 shows the pulse reactions to exercise of nine patients who 
were recovering from infectious diseases The presence or absence of 
a delayed summit of systolic pressure after exercise is also recorded 
for purposes of comparison It will be observed that the table shows 
thirty-two delayed summits, twelve of which show a delay m the return 
of the pulse to noimal, while in the other twenty there is no such 
delay shown 

In general, the rate increases with increased amounts of exercise 
and takes an increasingly longer time to return to normal with increased 
amounts of work, but this general rule has many exceptions, especially 
in patients who show a marked slowing after exercise, probably due to 
nervous influence on the heart rate 

We have been able to make no deductions of value from the effects 
of work on the pulse rate or from the time required for the rate to 
return to normal after work in this small series of patients 

The agreement of our objective circulatory findings with subjective 
and clinical changes in the patients whom we have examined has been 
very striking Our observations on different convalescent patients have 
shown a marked similarity and the results of these experiments affoid 
evidence of considerable importance in support of the contention 
advanced by Barringer^ that a delayed summit indicates an overtaxing 
of the cardiac reserve power 

Any method which will permit of fairly accurate objective measuT-o- 
ment of the stage of convalescence has abundant possibilities of devel- 
opment and of use, both in the immediate present and in the future 
It IS most important at present that the convalescence of our soldiers be 
expedited as much as is consistent with good therapeutics For the 
maximum of efficiency in this direction some standard objective method 
of testing the soldier’s ability to resume active service is of great impor- 
tance Such a method these experiments seem to indicate 

So far the method of testing the circulatory reactions to exercise 
has been applied only to patients convalescing from acute infections 
There is considerable probability of our getting useful information 
from the application of this method of study to patients who are recov- 
ering from the more^chronic affections 
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TABLE 2 — Effect of Work on the Pulse Rate of Patients During 

Convalescence =*- 




Pulse Eate 

Eeturn to 



Patient 

WorL 



NorniaJ, 

Belayed 

Delay, 





Before 

Immedl 
ately After 

Seconds 

Summit 

Seconds 


Tunes 






M 0 

Sat up 5 

63 

86 

180 

No 



Sat up 10 

63 

92 

180 

No 



Sat up 15 

80 

88 

120 

No 



71b swing 6 

96 

108 

120 

No 



7 lb swing 10 

83 

108 

120 

No 



10 lb swing 10 

90 

114 

120 

Yes 

58 


71b swing 5 

92 

95 

120 

No 



71b swing 10 

88 

104 

120 

No 



10 lb swing 10 

84 

108 

120 

No 



101b swing 15 

84 

112 

120 

No 



201b swing 15 

84 

124 

180 

No 



101b swing 6 

96 

108 

180 

No 



101b swing 10 

92 

108 

180 

No 



101b swing 10 

92 

112 

120 

No 



101b swing 20 

93 

124 

180 

No 



201b swing 20 

96 

144 

180 

Yes 

60 


201b swing 10 

104 

128 

120 

No 



201b swinglS 

104 

140 

180 

No 



201b swing 25 

104 

158 

180 

Yes 

60 


20 lb swing 35 

104 

156 

240 

Yes 

60 

W M 

Sat up 5 

58 

60 

60 

No 



Sat up 10 

60 

72 

120 

Yes 

60 


101b swing 25 

80 

116 

90 

No 

60 


201b swing 20 

84 

132 

120 

Yes 


201b swing 15 

90 

112 

118 

No 

60 


201b swing 20 

96 

124 

120 

Yes 


201b swing 25 

96 

128 

120 

Yes 

60 

C B 

20 lb flex 10 

63 

84 

120 

Yes 

60 


20 lb flex 20 

68 

88 

120 

Yes 

60 


10 lb flex 15 

68 

84 

60 

No 



101b flex 20 

72 

80 

120 

No 



10 lb flex 30 

74 

92 

120 

No 



101b swing 10 

72 

100 

120 

No 



10 lb swing 20 

84 

103 

120 

No 



20 lb swing 20 

72 

132 

240 

No 

60 


201b swing SO 

76 

144 

150 

Yes 


20 lb flex 15 

50 

76 

120 

No 

60 


20 lb flex 20 

54 

72 

90 

Yes 


201b flex 30 

54 

76 

120 

Yes 

60 

E P 

Sat up 10 

76 

82 

120 

No 


Sat up 12 

72 

88 

120 

No 

61 


Sat up 15 

72 

88 

120 

Yes 


101b swing 10 

64 

88 

120 

No 



20 lb swing 20 

68 

112 V 

120 

No 

55 


201b swing SO 

63 

128 

240 

Yes 

1 

201b swing SO 

88 

120 

150 

No 



201b swing 35 

84 

136 

240 

No 



201b swing 40 

201b swing 45 

84 

84 

140 

148 

300 

360 

No 

Yes 

60 


^The exercises in eacn group were given <->n me -- 

minutes intervened between individual exercises The figure 120 the column 
headed "Return to Normal” means that the rate became normal in two minutes 


or 


less 
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TABLE 2 — Effect of Work on the Pulse Rate of Patients During 

Convalescence * — (Continued) 


Patient 

Work 

Pulse Kate 

Return to 
Normal, 
Seconds 

Delayed 

Summit 

1 

Delay, 

Seconds 

Before 

Immedl 
ately After 


Times 





! 

E W 

Sat up 10 

52 

72 

180 

Tes 

t 90 


Sat up 15 

62 

72 

180 

Tes 

1 90 


Sat up 20 

48 

72 

120 

Tes 

1 150 


Sat up 10 

40 

48 

120 

Tes 

90 


Sat up 15 

40 

62 

120 

Tes 

1 90 

1 

J 0 

71b flex 21 

112 

128 

120 

Tes 

90 


7 lb flex SO 

112 

136 

260 

Tes 

210 


7Ib swing 6 

96 

112 

120 

Tes 

60 


71b swing 10 

104 

124 

120 

Tes 

120 


101b swing 5 

108 

120 

180 

No 



101b swing 5 

96 

112 

120 

No 



101b swing 10 

92 

IDS 

180 

No 



101b sivingl5 

! 100 

120 

120 

1 No 



10 lb swing 20 

96 

92 

180 

Yes 

58 


101b swing 10 

1 112 

120 

120 

1 No 1 



101b swing 15 

112 

124 

120 

No 



101b swing 20 

108 

186 

180 

No 



20 lb swing 20 

I 112 

166 

800 

No 



20 lb swing 25 

1 120 

160 

180 

No 



301b swing 20 

116 

168 

'300 

No 


1 

I F 1 

101b swing 6 

72 

1 88 

120 

No 


1 

10 lb swing 10 1 

72 

104 

180 

No 



10 lb swing 16 

76 

104 

180 

No 



10 Ib swing 20 

88 

88 

300 

Tes 

1 

120 

J E 

1 

101b swing 10 

1 

76 

88 

120 

1 

No 



201b swing 10 

72 

92 

180 

No 



201b swing 15 

80 

108 

120 

Yes j 

60 


20 Ib swing 15 

72 

92 

120 

1 

No 



201b swing 20 

76 

100 J 

120 

Yes J 

60 

0 G 

10 lb flex 10 

112 

116 

120 

Yes ' 

60 


10 Ib flex 16 

108 

112 

180 

Tes 

61 


10 Ib flex 10 

96 

ISO 

180 

No 



10 lb flex 15 

104 

104 

180 

No 



10 lb flex 20 

100 

108 

120 

No 



10 lb flex 25 

104 

104 

180 

No 



IS lb flex 20 

100 

136 

180 

No 



101 b swing 10 

112 

116 

120 

No 



10 lb swing 15 

112 

120 

120 

No 



10 lb swing 10 

104 

116 

120 

No 



10 lb swing 20 

104 

116 

120 

Tes 

60 


694 


H MANN 


ARCH INT 


SUMMARY 

1 The circulatory reactions of ten patients convalescing from acute 
infectious disease have been studied objectively 

2 The pulse reactions have not given us any information of value 

3 The blood pressure reactions have shown a progressive increase 
in the amount of work necessary to produce a “delayed summit ” This 
increase has been shown in all cases, has been especially marked in a 
short period of a very few days, and has been synchronous with clinical 
and subjective improvement 


CONCLUSION 

The reaction of the systolic blood pressure to exercise in a convales- 
cent patient affords valuable objective evidence of the stage of the 
patient’s convalescence 

I wish to express my indebtedness to Dr Alfred Meyer, Dr Emanuel Libman, 
and Dr Alorris Manges for permission to follow the convalescence of patients 
on their wards 



MAY, 19 J 8 


THE OCCURRENCE OF MITOCHONDRIA IN THE RED 
BLOOD CORPUSCLES DURING EXPERI- 
MENTAL ANEMIAS'^ 

CLARENCE OLDS SAPPINGTON, AB 

SAN FRANCISCO 
INTRODUCTION 

Mitochondria are small bodies of a lipoid nature which occur in the 
cell protoplasm and which may be stained in a specific manner by a 
variety of methods ^ They possess no fixed morphologic character- 
istics, but appear either as granules of varying size or as tiny rods 
They are said by some to be present in all nucleated cells 

Mitochondria are not demonstrable in the circulating nonnucleated 
erythrocytes of healthy adult mammals Shipley^ and others have 
shown, however, that they are regularly present in nucleated red cells 
In such cells they have been observed in the circulating blood of lower 
vertebrates, in the circulating blood of mammalian embryos and in the 
bone marrow of adult mammals Of more immediate interest is the 
fact that mitochondria have also been demonstrated in certain non- 
nucleated erythrocytes under conditions in which one would expect to 
find youthful cells of this type For example, nonnucleated red celL 
that contained mitochondria have been demonstrated in the bone mar- 
row and circulating blood of mammalian embryos, in the bone marrow 
of normal mammalian adults and in the circulating blood of man 
during the course of some diseases m which the blood-forming organs 
are supposedly stimulated to increased activity Their presence m 
nonnucleated erythrocytes, therefore, appears to indicate that such 
erythrocytes are relatively immature 

The present study was undertaken in order to test this hypothesis 
further Anemias were produced experimentally in rabbits by bleed- 
ing or by the injection of phenylhydrazm hydrochlorid Such meas- 
ures lead to an increased activity on the part of the erythroblastic 
tissues and to the escape of more or less immature red cells into the 
circulating blood One might anticipate, therefore, that in such anemic 
animals mitochondnated red cells would appear in the circulating blood 
owing to the escape of immature forms from the bone marrow 

* Submitted for publication Feb 13, 1918 
’*'From the Division of Medicine, Stanford Medical School 
1 Cowdry, E V The Vital Staining of Mitochondria with Janus Green 
and Diethylsaframn in Human Blood Cells, Internat Monatschr f Anat u 
Physiol , 1914, 31 , 267 , the General Functional Significance of Mitochondria, 
Am Jour Anat , 1916, 19 , 423 Shipley, P G The Mitochondrial Substance 
in the Erythrocytes of the Embryo Pig, Fol Haem , 1916, 20, 61 
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MITOCHONDRIA IN ANEMIA 



iQai'Sl^l IS>20|Ugi ooooovjs ^aslS^2'22 
Chart 3 — Rabbit 4 Bleeding as noted ( — is ditto) 



Chart 4 — Rabbit 5 Bleeding as noted ( — is ditto) 




Chart 6 — Rabbit 7 Injections as noted 
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Technic — ^As has been said, the rabbits used m this study were made 
anemic either by bleeding or by the injection of phenylhydrazin hydrochlorid 
When the former method was used, from 10 to 30 c c of blood were withdrawn 
daily , when the latter was used, from 1 to 1 5 mg of the the poison were 
injected daily In both cases, however, partial or complete recoveries were at 
times permitted by omitting the bleedings or the injections for one or more 
days during the experiments 

The hemoglobin percentage was determined almost daily by the Sahli 
hemoglobmometer Smears stained by Wright’s method were also examined 
in some of the experiments in order to compare the number of mitochondriated 
cells with such alterations in the red corpuscles as were demonstrable by this 
method 


TABLE 1 — Data of Experiments, 

Hemo Mitochon Pheynl 

, Rabbit 2, Female, Weight 22 Kg 

Day 

globin, 
Per Cent 

dnated 

Cells 

hydrazin. 

Mg 

Stained Smear 

1 

90 

0 

1 

No change 

2 

76 

0 

1 

No change 

3 

65 

20 

1 

Many kernschatten, moderate amount of poly 
chromatophilia 

4 

55 

46 

1 

Slight anisocytosis and polychromatophilia, a 
rare normoblast 

5 

6 

40 

No record 

29 

1 

A few polychromes, very slight poikilocytosis, 
a rare normoblast 

No record 

7 

45 

74 

1 

Slight polychromatophilia and basophilic degen 
eration, marked anisocytosis 

Moderate amount of poikilocytosis, anisocytosis 

8 

45 

28 

1 

9 

60 

70 

1 

Slight polychromatophilia 

Cells large, no normoblasts 

10 

50 

81 

1 

11 

45 

73 

1 

A few polychromes and basophils, no normo 
blasts 

No other changes 

12 

40 

57 

1 

13 

37 

49 

1 

Some polychromatophilia 

14 

40 

87 

1 

No change 

15 

40 

66 

1 

A few polychromes 

16 

35 

55 

1 

Small amount of anisocytosis 

17 

40 

62 

1 

A few polychromes 

A few large cells 

18 

36 

58 

1 

19 

32 

66 

1 

No normoblasts seen 

20 

21 

22 

28 

No record 
No record 

38 

1 

Slight poikilocytosis 

No record 

No record 

23 

46 

26 

1 

Polychromatophilia, a rare normoblast 

24 

48 

40 

1 

Many large cells, some poikylocytosis 

25 

46 

52 

1 

Some polychromatophilia 

26 

44 

58 

1 

Some anisocytosis 

27 

40 

72 

1 

Some basophilic cells, a few polychromes 

28 

38 

51 

1 

Slight anisocytosis, many large cells 

29 

42 

47 

1 

No other changes 

30 

38 

53 

1 

No other changes 

31 

36 

63 

1 

Slight polychromatophilia 

32 

34 

72 

1 

No other changes 


The following technic for staining mitochondria was used A stock solution 
of Janus Green B (Farbwerke-Hoechst Co, New York) was made in water 
m a concentration of 1 to 2,000 Before use this was mixed with a stock 
solution of sodium chlorid (108 per cent) in the proportion of one part of 
stain to two parts of the salt solution A drop each of blood and of the 
staining mixture were placed on a slide and immediately covered with a 
cover slip In such preparations mitochondria appeared as dancing granules 
or rods of a bright green color 

To determine the proportion of mitochondria red blood cells preparations 
were placed under the oil immersion lens of a Leitz microscope (ocular 2) 
A 60 watt tungsten light with frosted globe furnished the illumination A 
number of evenly distributed fields in different parts of each preparation were 
selected, the total cells counted and the mitochondriated cells separately enu- 
merated From these figures the percentage of the latter was computed In 
each set of preparations from 500 to 1,000 cells were counted 
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TABLE 2— Data of Experiments, Rabbit 3, Female, Weight 1 5 Kg 



Hemo 

Mitochon 

Blood 

Day 

globin, 

driated 

Taken, 


Per Cent 

Cells 

Cc 

1 

95 

0 

21 

2 

80 

0 

25 

3 

47 

3 

20 

4 

45 

4 

20 

5 

40 

18 

20 

6 

30 

53 

20 

7 

38 

59 

10 

8 

36 

54 

15 

9 

32 

62 

IS 

10 

25 

76 

20 

11 

22 

68 

10 

12 

34 

78 

IS 

13 

30 

80 

15 

14 

28 

80 

10 

15 

32 

74 

10 

16 

No record 



17 

No record 



18 

62 

42 

10 

19 

47 

50 

IS 

20 

39 

54 

20 

21 

35 

58 

25 

22 

30 

58 

20 

23 

24 

81 

20 

24 

20 

SO 

10 

25 

No record 



26 

43 

66 

10 

27 

48 

62 

IS 

28 

40 

66 

IS 

29 

36 

72 

15 

30 

32 

78 

10 

31 

40 

74 

10 


Stained Smear 

No changes 

Many kernschatten, a few polychromes 
No visible changes 

Marked anisocytosis and polychromatophilia, 
many large cells 

Anisocytosis and polychromatophilia not so 
marked 
No changes 

Slight poikilocytosis, no other changes 
Slight amount of basophilic stippling 
Many large cells, many polychromes and baso 
phils 

Smear about the same 
Some anisocytosis 

A rare normoblast, some polychromatophilia 
Slight poikilocytosis 
A rare normoblast 

Some polychromatophilia and anisocytosis 
No record 
No record 
Slight poikilocytosis 

Slight anisocytosis and polychromatophilia 
Slight polychromatophilia 
Slight basophilic degeneration 
Much polychromatophilia 
Some anisocytosis and polychromatophilia 
A very rare normoblast, slight amount of poly 
chromatophilia 
No record 
Slight poikilocytosis 
Slight anisocytosis 
No changes 

Slight polychromatophilia 
No visible changes 
Marked anisocytosis 


TABLE 3 — Data of Experiments, Rabbit 4, Female, Weight 24 Kg 



Hemoglobin, 

Mitochondnated Cells, 

Blood Taken, 

Day 

Per Cent 

Per Cent 

C c 

1 

82 

0 

25 

2 

72 

0 

20 

3 

62 

0 

20 

4 

48 

5 

IS 

5 

42 

18 

IS 

6 

40 

25 

10 

7 

42 

21 

10 

8 

50 

23 

10 

9 

S3 

26 

20 

10 

47 

29 

IS 

11 

45 

30 

10 

12 

52 

28 

10 

13 

58 

26 

15 

14 

52 

30 

20 

IS 

46 

42 

20 

16 

No record 



17 

No record 



18 

No record 



19 

No record 



20 

No record 

0 

25 

21 

88 

22 

64 

7 

20 

23 

56 

16 

15 

24 

S3 

23 

20 

25 

46 

33 

10 

26 

48 

36 

10 

27 

52 

35 

20 

28 

44 

41 

15 

29 

40 

45 

10 

30 

44 

46 

15 

31 

38 

57 

10 
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TABLE 4 Data of Experiments, Rabbit 5, Female, Weight 21 Kg 


Hemoglobin, Mitochondnated Cells, Blood Taken, 
Per Cent Per Cent C c 


1 

89 

2 

79 

3 

62 

4 

50 

s 

46 

6 

50 

7 

56 

8 

50 

9 

46 

10 

43 

11 

40 

12 

37 

13 

33 

14 

25 

15 

22 

16 

No record 

17 

No record 

18 

61 

19 

63 

20 

65 

21 

57 

22 

53 

23 

50 

24 

38 

25 

45 

26 

49 

27 

51 

28 

54 

29 

49 

30 

45 

31 

39 

32 

33 


0 

25 

0 

20 

0 

20 

4 

10 

23 

10 

41 

IS 

42 

15 

40 

IS 

43 

10 

45 

15 

51 

10 

55 

15 

61 

10 

36 

15 

45 

10 

23 

IS 

27 

10 

39 

20 

45 

15 

50 

IS 

59 

10 

55 

10 

69 

10 

81 

10 

65 

15 

59 

10 

55 

IS 

65 

IS 

68 

IS 

81 

10 


Table S— Data of Experiments, 



Herao Mitochon 

Blood 

Day 

globin. 

dnated 

Taken, 


Per Cent 

Cells 

Cc 

1 

75 

0 

12 5 

2 

67 

0 

0 

3 

65 

2 

25 

4 

55 

8 

10 

5 

52 

11 

18 

6 

50 

9 

15 

7 

48 

28 

14 

8 

46 

11 

17 

9 

No record 



10 

No record 



11 

62 

4 

15 

12 

55 

20 

12 5 

13 

55 

21 

12 5 

14 

52 

37 

13 

15 

50 

41 

10 

16 

50 

11 - 

22 

17 

50 

20 

22 

18 

42 

16 

20 

19 

43 

27 

0 

20 

54 

27 

25 

21 

39 

64 

15 

22 

35 

33 

12 5 

23 

39 

57 

12 5 

24 

45 

44 

8 

25 

No record 



26 

50 

25 

0 

27 

60 

35 

17 

28 

45 

36 

12 

29 

39 

68 

20 

30 

32 

72 

17 

31 

30 

76 

12 


Rabbit 6, Female, Weight 2 5 Kg 


Stained Smear 


No changes noted 
No changes 
No changes noted 

Many kernschatten, slight polychromatophiha 

Marked anisocytosis 

Marked anisocytosis 

No change 

No change 

No record 

No record 

Some poikilocytosis and polychromatophiha 

Many kernschatten 

Some poikilocytosis and anisocytosis 

Marked polychromatophiha, some poikilocytosis 

Slight polychromatophiha, 8 normoblasts seen 

Some anisocytosis and polychromatophiha 


Many kernschatten, some anisocytosis 
Marked poikilocytosis, a few polychromes 
Same except for decrease in poikilocytosis 
Marked polychromatophiha, some anisocytosis 
Slight polychromatophiha 
Some anisocytosis 
Slight polychromatophiha 



TABLE 6— Data of Experiments, Rabbit 7, Female, Weight 1 8 Kg 



Hemo 

Mitochon 

Pheynl 

Day 

globin. 

driated 

hydrazin, 


Per Cent 

Cells 

Mg 

1 

80 

0 

1 

2 

75 

0 

1 

3 

52 

7 

1 

4 

45 

9 

1 

5 

42 

17 

1 

6 

42 

36 

1 

7 

40 

20 

1 

8 

38 

16 

0 

9 

No record 



10 

No record 



11 

70 

6 

1 

12 

60 

24 

1 

13 

SO 

30 

1 

14 

47 

52 

1 

15 

43 

44 

1 

16 

43 

32 

1 

17 

SO 

40 

1 S 

18 

46 

44 

1 s 

19 

43 

37 

1 5 

20 

43 

SI 

1 S 

21 

39 

41 

1 5 

22 

35 

67 

1 5 

23 

34 

63 

1 5 

24 

32 

S7 

1 5 

25 

28 

89 

1 5 

26 

No record 



27 

40 

61 

1 S 

28 

38 

60 

1 5 

29 

33 

76 

1 S 

30 

29 

83 

1 S 

31 

29 

78 

1 5 

32 

27 

89 

1 5 

33 

37 

89 

1 5 

34 

30 

81 

1 S 

35 

40 

91 

1 5 

36 

40 

86 

0 

37 

49 

71 

0 

38 

SO 

S4 

0 

39 

58 

47 

0 

40 

64 

42 

0 

41 

73 

24 

0 

42 

76 

16 

0 

43 

78 

8 

0 

44 

82 

3 

0 

45 

83 

0 

0 


Stained Smear 


No changes noted • 

No changes noted 
No change 

Slight anisocytosis and polychromatophilia 

Some anisocytosis 

Some polychromatophilia 

Slight poikilocytosis 

Some poikilocytosis, a few polyehromes 

No record 

No record 

Marked anisocytosis and poikilocytosis 
Some polychromatophilia 
Marked polychromatophilia 
Slight polychromatophilia 
Slight polychromatophilia 

Slight anisocytosis 

Slight poikilocytosis and polychromatophilia 

Slight polychromatophilia 

Marked number of polychromes 

Some polychromatophilia 

Slight anisocytosis 

A few polychromes 

Slight anisocytosis and poikilocytosis 


TABLE 7— Data of Experiments, 


Rabbit 8, Female, Weight 1 9 Kg 


Day 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Hemoglobin, Mitochondriated Cells, Phenylhydrazin, 
Per Cent Per Cent C c 


78 

69 

51 

48 

48 

44 

40 

39 

45 

41 

36 
31 
27 
29 
31 
35 
43 
51 
83 
69 
51 

37 
35 
37 
37 
33 
35 
37 

40 

41 
37 


0 


1 0 

0 


1 0 

11 


1 0 

23 


1 0 

28 


1 0 

31 


1 0 

32 


1 0 

34 


1 0 

35 


1 5 

37 


1 5 

41 


1 5 

23 


1 5 

49 


1 0 

43 


1 0 

39 


1 0 

59 


0 

51 


0 

43 


0 

1 


1 5 

15 


1 5 

19 


1 5 

23 


1 5 

31 


1 5 

41 


1 5 

45 


1 5 

S3 


1 5 

57 


1 5 

59 

* 

1 5 

64 


1 5 

70 


1 5 

81 


1 S 
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DISCUSSION 

The details of the separate experiments can best be studied by 
referring to the accompanying tables and figures It will be noted that 
111 none of the animals were mitochondriated red cells seen previous to 
the production of the anemia and that in each animal these cells 
occurred after its production, rising in several instances to a maximum 
of over 80 per cent of the total number of erythrocytes By reference 
to the figures it is also evident that in a general way the percentage of 
hemoglobin and the proportion of mitochondriated red cells varied m 



the inverse direction In one instance (Rabbit 7) in which the hemo- 
globin was permitted to return to the normal, the mitochondriated cells 
gradually disappeared 

TABLE 8 — Average Percentage of Mitochondriated Cells at Different 

Levels of Hemogi oein 




Average Per Cent 

Per Cent 

Number of 

Hemoglobin, 

of Mitochon- 

Range of 

Observations 

Per Cent 

driated Cells 

Variation 

12 

60-65 

27 

35 

9 

55-59 

30 

19 

29 

50-54 

33 

38 

33 

45-49 

40 

38 

37 

40-44 

48 

37 

32 

35-39 

52 

33 

19 

30-34 

65 

29 

13 

25-29 

69 

26 


The inverse relation between the proportion of mitochondriated 
cells and the percentage of hemoglobin could also be demonstrated m 
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another way In Table 8 the average percentage of mitochondnated 
cells at different levels of hemoglobin is given These averages were 
compiled from all the counts made, irrespective of whether the hemo- 
globin was decreased by bleeding or by the injection of phenylhy 
drazin 

No difference was noted in the relation between the percentage of 
mitochondnated cells and the hemoglobin concentration in ^iie two 
different forms of anemia The mitochondria in the 'phenyl ay drazin 
anemia, however, were more deeply stained and larger 

Special attention was paid m certain experiments to the appearance 
of nucleated red cells and of polychromatophilic cells in smears stained 
by Wright’s method The occurrence of these cells was subject to 
considerable variation and no constant relation could be established 
between the finding of nucleated red cells, the degree of polychromato- 
phiha and the percentage of mitochondria-contaming cells 

CONCLUSIONS 

If the presence of mitochondria in red blood cells is an indication 
that they are newly formed cells, one would expect to find an increase 
in their number whenever there is an increased rate of red cell forma- 
tion The need for increased formation may be produced experi- 
mentally by the removal of blood or by the injection of phenylhydrazin 
hydrochlorid 

The present study showed that these procedures were, in fact, 
accompanied by an increase in the number of mitochondna-contaimng 
red cells, and further that the degree of this increase was in the indi- 
vidual case roughly proportional, and on the average exactly propor- 
tional, to the need for red cells as measured by the degree of anemia 
produced 

These experiments, therefore, support the suggestion that the num- 
ber of red cells containing mitochondna may prove to be a useful 
indication of the rate of red blood cell formation in clinical and experi- 
mental conditions 

The author wishes to acknowledge his indebtedness to Dr Thomas Addis 
for suggestions and aid during the course of this investigation 
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RENAL GLYCOSURIA-" 

A H BEARD, MD, and FLOYD GRAVE, MD 
University Hospital 
MINNEAPOLIS 

So-called renal diabetes has been reported at various times in the 
literature The term is now recognized as a misnomer and the condi- 
tion should be called renal glycosuria Tiue cases of renal glycosuria 
are rare and many so diagnosed are open to question, being mild or 
atypical diabetes mellitus 

The lesion is apparently renal and due to a constant excretion by 
the kidney of a small amount of sugar while the blood sugar is normal 
The tissues can still utilize carbohydrates, and as a result on any diet 
the percentage of sugar excreted does not vary to any great extent 
The glycosuria is usually found by accident or routine examination, the 
patient reporting for life insurance or irrelevant illness Most of the 
patients do not present any of the clinical symptoms of diabetes melli- 
tus and are apparently m good health Pathologically, the glycosuria 
seems to be due to a lowered kidney threshold for carbohydrates 

The first essential necessary for a diagnosis is a blood sugar run- 
ning within normal limits The level is placed differently by various 
authorities The general opinion at present places the normal peicent- 
age of blood sugar between 0 7 and 0 15 In this we concur In order 
to make the diagnosis of renal glycosuria, it is necessary to have the 
following data 

1 A urine containing dextrose in amount unchanged to any great 
extent by fluctuation of carbohydrate intake 

2 A blood sugar of normal percentage 

A number of men have recorded cases of renal glycosuria Allen^ 
has thoroughly reviewed the literature and asserts that he was able to 
find only two true cases of this condition, namely, those reported by 
Bonnger" and Tachau ® 

* Submitted for publication Jan 2, 1918 

*From the Chemical Laboratory, Department of Medicine, Universitj of 
Minnesota 

1 Allen Glycosuria and Diabetes Boston, 1910, 1» 544 

2 Bonmnger Deutsch med Wchnschr , 1908, 34, 780 

3 Tachau Deutsch Arch f klin Med , 1911, 104, 448 
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Allen also says that other men have reported this condition when 
the correct diagnosis has been mild or atypical diabetes melhtus Such 
instances are recorded by Frank,^ Roger and Chaim® and Salmon ® 
Calambos’' cites a case suggesting a phlondzm glycosuria Since Allen’s 
review Graham,® De Langen,® Mosenthal and Lewis^° have reported 
cases of renal glycosuria which seem to stand the test During the 
last few months, Murhn and Niles^^ have reported another case 
Because of the rarity of this disease and because of recent reports of 
Murhn and Craver^^ and UnderhilF® on decreased glycosuria after a 
sodium bicarbonate administration, this case is reported 

REPORT OF CASE 

Hist 01 y — E L, University Hospital, No 10625, woman, white, aged 21, born 
in Minnesota and descended from Swedish ancestry 

Family History — ^Father (aged 48), mother (aged SO), one brother (aged 17) 
and one sister (aged 24) are living and well , one brother died m infancy, cause 
unknown, no tuberculosis, cancer, cardiac, or kidney disease in the immediate 
family, no history of obesity or diabetes melhtus Other members of the family 
have had their urines examined at various times and they have been found nega- 
tive for sugar 

OccupatiQiial History — During the six months prior to examination the patient 
was a clerk in a confectionery store The work was light and the hours not 
long She was previously a seamstress The needlework was very confining 

Peisonal Histoiy — The patient had measles and whooping cough when a 
child, she was vaccinated and also had an appendectomy two years prior to 
admission The venereal history was negative to indirect questioning She had 
occasional frontal headaches during the previous few years, attributed to needle- 
work The cardiorespiratory history was negative The gastro-intestinal history 
was negative up to the present illness, except for some nausea, with the headaches 
mentioned The genito-urinary history was negative to the present illness 
D 4-5/N-U Catamenia, normal The skin was always a little dry There was no 
loss of hair The highest weight was 130 pounds, two months prior to examina- 
tion At the time of the examination it was 120 pounds Two years previously 
it was 107 pounds The patient sleeps well, uses no alcohol or drugs, but tea and 
coffee m moderation 

Present Illness — ^For an indefinite period of two or three years the patient 
had noticed slight polyuria Nocturia was not present and no other urinary 
symptoms were noted 

Two years prior to admission her physician removed the appendix, which 
was in a state of chronic inflammation There were never any acute symptoms 
and aside from slight tenderness over McBurney’s point she had felt well Ether 
anesthesia was used On returning home after a normal convalescence of twelve 


4 Frank Arch f exper Path u Pharmakol 1910, 72, Nos 3 and 7 

5 Roger and Chalin Arch d mal d I’apparat digest , 1912, 6, 661 

6 Salmon Deutsch med Wchnschr , 1914, 40, 217 

7 Calambos Deutsch med Wchnschr, 1914, 46, 1301 

8 Graham Jour Ph\siol, 1915, 49, 46 (Proceedings) 

9 De Langen Berl khn Wchnschr, 1914, 51, 1792 

10 klosenthal and Lewis Bull Johns Hopkins Hosp , 1916, 27, 134 

11 Murhn and Niles Am Jour Med Sc , 1917, 153, 79 

12 Murhn and Graver Jour Biol Chem , 1916, 28, 289 

13 Underhill Jour Am Aled Assn , 1917, 68, 497 
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days, the patient was informed that sugar was present in her urine It had been 
found constantly during her stay m the hospital Since that time she had been 
under a physician’s care There had never been any polyphagia or polydipsia 
Her diet and appetite were “equal to that of her friends and relatives ” She 
gained in weight and considered herself well 

During her^second admission (six weeks m a hospital), her physician limited 
her diet Although a modified Allen diet was used, on only one day was she free 
of glycosuria Her blood sugar was never determined At the end of this time 
she was discharged from the hospital with instructions to limit the diet to 5 per 
cent and 10 per cent vegetables, with a normal protein and fat intake After 
that time, for a period of two years, glj^cosuria was present on each examination 
She gained in weight and height during this time and had always felt in normal 
health 

There had been no change in the polyuria Polydipsia and polyphagia never 
developed She followed the prescribed diet strictly No symptoms of acidosis 
were present during this time The headaches mentioned disappeared after wear- 
ing glasses While a clerk in the confectionery store there had been no inclina- 
tion to eat candy She said that during this period she had not “tasted candy 
over two or three times ” 

The patient was admitted to the hospital for study and for a further attempt 
to eliminate the glycosuria 

Physical EAaimnahon — ^Temperature, 99 1 F , pulse, 100, respirations, 20, 
height, 5 feet, 1 S inches , weight, 123 pounds A well developed and well 
nourished young woman lying in bed in no apparent discomfort, skin dry and 
slightly roughened over the entire body, hair wavy and present in normal 
amount , no deformities, and body of normal contour , no abnormal bony develop- 
ment noted, mucous membranes of good color and not pigmented, pupils equal 
and regular, reacting normally to light and accommodation, sclerae clear, no 
signs of exophthalmic goiter, ears negative for discharge and tophi, hearing 
good, mouth, tongue and pharynx normal, teeth and gums in good condition, 
tonsils negative, uvula bicornate, thyroid gland not palpable, axillary and 
inguinal glands palpable, pea to bean size 

The lungs were normal , apical fields measured 5 cm and diaphragmatic excur- 
sion 4 cm , no abnormalities in breath sounds 

Heart The apex could not be seen or felt , nipple was 10 5 cm to the left of 
the midsternal line, relative cardiac dulness measured 11 cm on the left and 
shifted 2 cm , upper dulness at the third rib and supracardiac dulness were 
normal The heart sounds were normal in time and rhythm No murmurs were 
heard and the pulmonic second sound was greater than the aortic second, pulse 
regular in force and rhythm and of good volume and tension 

Abdomen There was a suprapubic scar 8 cm long The abdomen was soft 
normal in contour, and tympanitic , no masses or tenderness demonstrated Liver 
dulness appeared at the fourth rib and was lost at the costal margin The edge 
was not palpable The spleen and kidneys were not felt 

The extremities were negative, patellar reflexes present on reinforcement, 
Oppenheim and Babinski negative, no edema or thickening of the tibiae present 
Rectal and vaginal examination were not indicated 

Laboratory Data — ^The blood showed a normal red and white count, hemo- 
globin and differential, systolic blood pressure, 115 and diastolic, 78 mm of 
mercury , Wassermann reaction negative The phenolsulphonephthalem test 
showed 55 per cent excretion at the end of the first hour, 12 per cent at the end 
of the second hour, total 67 per cent Ambard’s constant ranged from 008 to 
009 The urine was clear, straw colored, and acid in reaction There was no 
albumin Traces of acetone and diacetic acid were present The microscopic 
examination was negative except for a few epithelial cells Benedict’s and the 
fermentation tests were positive for sugar The phenylhydrazin test gave 
dextrose osazone crystals 
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The roentgenogram of the skull was negative and the sella normal in size 
and outline 

Laboratory methods used Urinary nitrogen, Kjeldahl method, urinary 
ammonia, Rouchese-Malfatti urinary sugar, Benedict’s solution, polariscope, 
urinary acetone, Lugol’s solution, urinary diacetic acid, Gerhard’s solution, 
alveolar carbon dioxid, collection with Plesch apparatus,'" determined by Haldane 
apparatus , ” alkaline reserve. Van Slyke apparatus , " pH of blood. Levy, 
Rowntree and Marriott,'® chlorids of urine, Volhard-Harvey method,'” blood 
sugar, Myers and Fine”” 

DISCUSSION 

On admission, the case was thought to be one of atypical diabetes 
and the usual routine treatment was given in preparation for starva- 
tion, namely, the fats were first eliminated from the diet After four 
days’ starvation, glycosuria was still present and the blood sugar 
remained at the same level as on admission In mild diabetes the 
glycosuria would usually have disappeared with such a glycemia A 
low caloric diet was next administered and starvation was later 
lepeated The glycosuiia still persisted and the blood remained 
unchanged to any great extent On account of this fact the dextrose- 
nitrogen ratio was determined After a constant diet of protein and 
fat for SIX days, the glycosuria disappeared The next few days, on 
starvation, glycosuria was absent, this being the only time during her 
stay in the hospital that the patient was sugar-free It was thought 
the case might correspond to the usual diabetic treatment, but on a d.et 
containing 7 gm of carbohydrate the sugar output was 7 gm The 
blood sugar still remained fairly constant Our provisional diagnosis 
of renal glycosuria now seemed to be confirmed, and during the remain- 
der of her stay in the hospital the patient was treated for this condition 

Table 1 presents a metabolic study and shows, in addition, data 
relating to acid-base equilibrium The urine shows constantly a small 
amount of diacetic acid and acetone The urinary ammoiin is usually 
within normal limits, but increased somewhat during the period of 
study of the dextrose-nitrogen ratio The alveolar carbon dioxid and 
alkaline reserve values were only t lightly changed In the early pait 
of the patient’s stay the studies revealed a very mild acidosis, although 
no symptoms were present The pH of the blood on admission shows 
a mild grade of acidosis, and later is within noimal limits 

The remainder of the data relates to glycosuria and sodium bicar- 
bonate and sodium chlorid intake Chart 1 is a graphic record of these 

14 Folin Laboratory Manual of Biological Chemistry, Appleton & Co , 1916 

15 Plesch Ztschr f exper Path u Therap , 1909, 6, 380 

16 Haldane and Priestley Jour Physiol , 1905, 32 , 225 

17 Van Slyke Proc Soc Exper Biol and Med , 1915, 12 , 165 

18 Levy, Rowntree and Marriott The Archives Int Med , 1915, 12 , 389 

19 Harvey The Aechh^es Int Med , 1910, 6, 12 

20 Myers and Fine Chemical Composition of the Blood in Health and Dis- 
ease 1915 



JE, 1918 


RENAL GLYCOSURIA 


709 


studies Section 1 of the chart shows the period of starvation on a 
high salt intake During this period we were attempting to get the 
patient sugar-free The uppei curves record the glycosuria and weight 
of the patient The midle curves record the chlorid intake and output 
The lower curves show the fluid balance 

It will be noted that the patient lost 10 pounds in weight The 



Chart 1 — Upper curves record glycosuria and weight of the patient, the 
middle curves show the chlorid intake and output, the lower curves show the 
fluid balance, as explained more fully in the text 


sugar excretion was lowest during the period of high salt ingestion 
The fluid curve does not show anything normal 

Section 2 records the same curves after the diagnosis of renal gly- 
cosuria was established The patient was placed on a constant diet of 
carbohydrate, protein and fat for a period of two weeks The salt 
was restricted as much as possible, only the chlonds normally present 
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TABLE 1 — Data of — 


Date, 

Peb 

1917 

Pluid 

Intake 

in 

Oc 


Specific 

Gravity 

Reac- 

tion 

Acid 

Alhu 

lam 

Sedi 

ment 

D N 
Ratio 

NHs 

Gm 

Van 

Siyke 

P H 

GO 2 
Tension 
in Mm 
Hg 

Sod 

Bic 

B 

D 

IS 


180 

1035 

Ac 

++ 

+++ 

0 

0 


0 37 

37 50 

7 30 

38 79 

0 

13 ll 


2,200 

1010 

Ac 

-f-F 

4* 

0 

er -cts 


125 



38 79 

0 

1415 

2,745 

3,100 

1007 

Ac 

+ 

0 

0 

0 


121 



4178 

0 

15-16 

3,843 

2,500 

1007 

Ac 

+ 

0 

0 

0 


090 



3730 

0 

1617 

4,000 

3,900 

1008 

Ac 

++ 

++ 


0 


105 

3593 


4178 

0 

1718 

3,840 


1006 

Ac 

++ 

++ 

0 

0 


0 73 



38 09 

0 

1819 

4,125 

2,800 

1003 

Ac 

+ 

++ 

0 

0 


084 




0 

19 20 

3,500 

4,100 

1007 

Ac 

+ 

-i- 

0 

0 


119 



49 09 

0 

20-21 

3,700 

3,400 

1012 

Ac 

+ 

+ 

0 

0 


2 07 




0 

2122 

2,700 

4,200 

1007 

Ac 

+ 

+ 

0 

0 


134 



35 90 

0 

22 23 

4,500 

3,200 

1009 

Ac 

+ 


0 

0 


214 




0 

23-24 

3,500 

3,200 

1010 

Ac 

+ 

-F 

0 

0 


1 57 

34 50 

7 85 

37 30 

0 

24 25 

3,500 

3,500 

1005 

Ac 

+ 

+ 

0 

0 


199 

• 


38 09 

0 

25-26 

3,800 

2,400 

1010 

Ac 

+ 

+ 

0 

0 

109 

137 




0 

26 27 

4,040 

3,200 

1007 

Ac 

+ 

+ 

0 

0 

180 * 

2 83 



35 81 

0 

27 28 

4,100 

3,300 

1005 

Ac 

-f 


0 

0 

072 

2 24 

36 08 


26 81 

0 

28- 1 

3,700 

2,750 

1003 

Ac 

+ 

Tr 

0 

0 

ote 

2 20 



35 71 

0 

1 2 

3,400 

2,600 

1008 

Ac 

-1- 

-i- 


0 

0 51 

213 

80 53 


35 81 

0 

2 3 

3,400 

2,600 

1006 

Ac 

+ 

+ 

0 

0 

058 

2 57 



32 81 

0 

3 4 

3,200 

2,800 

1002 

Ac 

Tr 

Tr 

0 

0 

015 

2 07 



38 79 

0 

4 5 

3,900 

3,150 

1004 

Ac 

+ 

-f 

0 

0 

0 

2 61 




0 

5 6 

3,700 

3,200 

1 003 

Ac 

-f- 

+ 

0 

0 

0 

176 



37 30 

0 

6- 7 


3,400 

1004 

Ac 

+ 

-i- 

0 

0 

0 

2 03 

34 77 

735 

35 06 

0 

7 8 

3,900 

3,300 

10(» 

Aik 

+ 

+ 

0 

0 


7 



36 55 

0 

8 9 

3,800 

3,800 

1004 

Ac. 

+ 

+ 

0 

0 


315 




0 

910 

4,350 

3,000 

1005 

Ac 

+ 

4* 

0 

0 


171 



38 09 

0 

10-11 

3,650 

3,550 

1004 

Ac 

+ + 

-i- 

0 

0 


2 41 



35 06 

0 

1112 

3,850 

3,200 

1005 

Ac 

+ 


0 

0 


2 72 




0 

1213 

2,005 

2,750 

1008 

Ac 

+ 

+ 

0 

0 


176 



37 30 

0 

1314 

2,745 

3,270 

1008 

Ac 

Tr 

+ 

0 

0 


1 53 

35 39 

7 35 

34 36 

133 

1415 

3,220 

1 3,700 

1009 

Ac 

+ 

4- 

0 

0 


1 35 



42 52 

266 

15-16 

3,738 

2,700 

1008 

Ac 

Tr 

Tr 

0 

0 



44 50 

7 45 

40 28 

9 33 

1617 

2,260 

2,720 

1008 

Aik 

SI tr 

Tr 

0 

0 


? 




9 33 

1718 

2,838 

2,825 

1009 

Aik 

Tr 

+ 

0 

0 


? 

1 

40 28 

50 


* B = Benedict, S = Sacchnrometer 
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Sugar* 
Excretion, 
per Cent 
Reduction 

Total 

Sugar 

Excre- 

tion, 

Gm 

General Diet 

Ale 
m 
0 c 

Caloric 

Intake 

Cal 

per 

Kg 

Body 

Weight 

Wt, 

Kg 

C H 
Bal 

Blood 

Sugar 

per 

Cent 

Blood 

Pres- 

sure 

Pulse 

0 H 
Intake, 
Gm 

Protein 

Intake, 

Gm 


D 

S 

3 32 

— 

5 97 




0 

0 

0 

56 7 


0128 


94 

1 57 

1 2 

34 54 




0 

0 

0 

56 3 




100 

0 91 

09 

28 21 

99 89 

26 72 

23 04 

0 

713 8 

12 7 

561 

+7168 



102 

0 62 

06 


34 12 

15 93 

23 15 

0 

408 5 

723 

665 

-fl8 62 


113—78 

94 

0 59 



14 79 

7 90 

614 

0 

146 0 

2 58 

665 

—8 22 

0126 


80 

— 

01 

3 05 

0 

0 

0 

0 

0 

0 

561 

—3 05 



80 

— 

01 

—2 80 

0 

0 

0 

0 

0 

0 

563 

—2 08 



80 

— 

02 

—8 20 

0 

0 

0 

0 

0 

0 

55 5 

—41 



88 

— 

01 

—3 40 

0 

0 

0 

0 

0 

0 

64 6 

—34 

0111 


82 

— 

01 

—4 20 

10 64 

12 08 

15 57 

0 

234 6 

43 

54 0 

—42 
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01 

—3 20 

10 64 

12 08 

15 97 

0 

234 6 

43 

54 0 

-32 



88 

05 

03 


0 

0 

0 

0 

0 

0 

542 

—16 06 

0119 


80 

017 

01 

588 

0 

0 

0 

0 

0 

0 

536 

—5 88 



80 

0 42 

03 


0 

3190 

32 82 

0 

422 98 

79 

63 3 

—10 08 



76 


03 

12 89 

0 

45 60 

49 24 

0 

62516 

96 

53 3 

—12 89 



82 

0 82 

02 


0 

38 55 

43 07 

0 

525 83 

99 

52 9 

—10 43 

0108 

96-08 

66 

02S 

02 


0 

45 60 

49 24 

0 

62516 

118 

52 9 

—7 70 



70 

0 30 



0 

35 65 

47 36 

0 

568 84 

10 8 

52 6 

—7 80 

0111 


72 



7 93 

0 

35 65 

47 36 

0 

568 84 

10 7 

52 9 

—7 93 



76 

on 

— 

322 

0 

17 40 

32 44 

0 

29196 

5 54 

52 7 

—3 22 



80 

0 



0 

0 

0 

0 

0 

0 

62 3 

0 



73 




0 

0 

0 

0 

0 

0 

62 4 

0 



82 



714 

7 09 

14 35 

14 84 

0 

219 32 

4 23 

518 

0 05 

0111 


66 



0 

518 

10 99 

17 45 

0 

22173 

4 30 

61 5 

-f5 18 


100—80 

84 




7 09 

14 35 

14 84 

0 

219 32 

4 26 

51 5 

+7 09 



80 

0 39 

— 

1182 

11 13 

19 11 

24 59 

0 

343 27 

6 67 

5L3 

0 69 

0 097 


76 

016 


585 

0 

33 96 

13 48 

0 

155 28 

3 02 

61 4 

—5 85 



78 

0 34 



14 06 

43 57 

65 03 

0 

81819 

16 01 

511 

-i-3 15 



76 

084 

— 

2310 

4510 

75 80 

79 46 

0 

1,198 74 

23 4 

611 

-f22 00 



76 

0 83 

— 

2714 

4510 

75 80 

79 46 

0 

1,198 74 

23 4 

611 

-}-17 96 

0144 


68 



33 44 

45 10 

75 80 

79 46 

0 

1,198 74 

23 4 

511 

-H166 



84 

0 45 

— 

1215 

4510 

75 80 

79 46 

0 

1,198 74 

23 3 

513 

-i-32 95 

0124 


90 

0 52 

— 

1414 

4510 

75 80 

79 46 

0 

1,198 74 

23 4 

511 

-f30 90 



64 

0 20 

— 

584 

4510 

75 80 

79 46 

0 

1,198 74 

23 4 

511 

-i-39 20 



84 
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TABLE 1 — Data of Metabolism — 


Date, 

Feb 

1917 

i 

Fluid 

Intake 

m 

Oc 

i 

Amount 
Urine 
in 0 c 

A M 
Spec 

Speciflc 

Gravity 

Keac 

tion 

Acid 

Albu 
! mm 

1 

1 

Sedi- 
ment j 

1 

1 T> N 

1 Ratio 

1 1 

1 

NHs 

Gm 

Van 

Slyke 

F H 

003 
Tension 
m Mm 
Hg 

Sod 

Bic 

A 

D 

18-19 

2,603 

1 

2,600 

1014 

1 

Aik 

i 

Tr 

■ Tr 

0 

0 

? 




80 

19 20 

2,798 

2,200 

1014 

f Alt 

1 Tr 

Tr 

0 

" , 

? 

4188 

7 45 

4178 

80 

20-21 

2,748 

2,700 

1010 

Aik 


Tr 

0 

0 1 

? 



88 09 

0 

21-22 1 

2,763 

2,100 

1011 1 

Ac ' 


Tr 

0 

0 

I 

1 

lU 





22 23 

1,988 

1,150 

1017 

Aik 

++ 

+ 

0 

0 


1 



4103 

0 

23-24 

1990 

1,643 

1013 

Ac 

+ 

+ 

0 

0 


120 

42 57 


4103 

0 

24 25 

1,963 

1,100 

1026 

Aik 

-i- 

+ 

0 

0 ! 

1 

? 



37 30 


25-26 

1,413 

2,050 

1012 

1 

Aik 

+ 

•f 

0 

0 

\ 

? 




1 

I 50 

26-27 

3,138 

2,040 

I 1016 

Heat 


-5- 

0 

0 


? 

35 81 


4178 

50 




1 








4174 




27-28 

2,150 

2,546 

1011 

Aik 


-f 

0 

0 


? 



4103 

0 

28-29 

2,593 

1,458 

1018 

Ac 

i + 

I 

i + 

0 

I 0 

0 641 



36 33 

0 

29 30 

1.848 : 

1,440 

1016 

Ac 

! 

i 4* 

0 

0 

1076 


1 

38 79 

0 

30-31 

1,653 

1,612 

1017 

Aik 

+ 

+ 

0 

0 1 

0 275 

37 32 

7 45 

37 76 


31- 1 

Disch 

1 

arged 

I 




i 

1 

1 

1 

1 






TABLE 2 — Sugar— 






6-8 a m 

8-10 a m 

1 

10-12 a m 

Date 

Type of Diet 


Fluid 

Urine, 

Oc 


Urine, 

0 c 

Sugar, 

Gm 

Urine, 

Oc 

Sugar, 

Gm 

23-24 

Eestncted salt 



58 

104 

325 

292 

315 

194 










0122% 

26-27 

Eestricted salt, soda bicarb 
duodenal tube 

by 

Urine 

Blood 

120 

0 848 118 

0 136%! 

0 778 

332 

2 22 

27-28 

Eestricted salt, soda bicarb 
duodenal tube 

by 

Urine 

462 

1 52 

108 

194 

185 

2 40 

28-29 

Eestncted salt, soda bicarb 
continued 

dis 

Urine 

79 

168 

276 

400 

134 

3 21 

29-30 

Eestricted salt 


Unne 

lOO 

2 29 

256 

2 89 

208 

3 07 

30-31 

Eestricted salt 


Urine 

88 

176 

292 

1 63 

200 

170 




Blood 






013% 

31-1 

Eestricted salt 


Blood 






0144% 


Diet Carbohydrates, 45 1 gm , proteins, 75 8 gm , Fats, 79 46 gm 
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— Study of E L — {Continued) 


Sugar* 
Excretion, 
per Cent 
Reduction 

Total 

Sugar 

Excre- 

tion, 

Gm 

General Diet 

Ale 

m 

Oc 


Cal 



Blood 

Sugar 

per 

Cent 

Blood 

Pres 

sure 


0 H 
Intake, 
Gm 

Protein 

Intake, 

Gm 

Pat 

Intake, | 
Gm 

Oalonc 

Intake 

per 

Kg 

Body 

Weight] 

Wt, 

Kg 

0 H 
Bal 

Pulse 

D 

S 







0 51 

— 

13 31 

4510 

75 80 

79 46 

0 

! 

1,198 74 

23 4 

i 

511 , 

1 i 

1 -t-31 79 


1 

1 

82 

0 78 


17 33 

4510 

75 SO 

79 46 i 

0 

1,198 74 

23 3 

51 4 i 

1 -t-27 77 

0108 

! 

80 

064 

_ ! 

17 28 

4510 

75 80 

79 46 

0 

1,198 74 

23 3 

51 3 

-f 27 75 



70 

0 45 

— 

813 

45 10 

75 80 

79 46 

0 

1,198 74 

23 5 

510 

-f36 96 



74 

138 

— 

15 87 

4510 

75 80 

79 46 

0 

1,198 74 

23 6 

50 7 

-i-20 23 

0101 


68 

196 

— 

27 99 

45 10 

75 SO 

79 46 

' 0 

1,198 74 

23 7 

' 50 4 1 

-f-1711 

0136 


80 

183 

— 

2013 

45 10 

75 80 

79 46 

1 0 

1,198 74 

1 

1 23 7 

j 

-1-24 97. 

1 


72 

097 

— 

19 88 

4510 

75 SO 

79 46 

0 

1,198 74 

23 3 

51 4 j 

-1-25 22 



76 

1 31 

~ 

23 72 

45 10 

75 80 

79 46 

0 

1,198 74 

23 2 

515 

-f2138 

0130 


70 

129 

— 

27 43 

4510 

75 80 

79 46 

0 

1,198 74 

23 2 


-1-17 67 



78 

195 

— 

27 85 

4510 

75 80 

79 46 

0 

1,198 74 

23 6 

50 7 

1 

-1-17 25 



78 

160 

— 

23 12 

45 10 

75 80 

79 46 ! 

0 

1,198 74 ' 

23 7 

504 

-1-21 98 



70 

165 

— 

25 13 

4510 

75 80 

79 46 

0 

1,198 74 1 

23 7 1 

50 4 1 

-f 19 97 i 

0130 


1 

78 









1 

1 

50 4 1 

1 


i 0114 

1 


80 


— ^AND Fluid Output 


12-2 p m 

2-4 p m j 

4-6 p m 

6-8 p m 

1 8-6 a m 

Total 

Urine, 

Cc 

Sugar, 

Gm 

Urine, 

Cc 

Sugar, 

Gm 

Urine, 

C c 

Sugar, 

Gm 

Urine, 

Oc 

Sugar, 

Gm 

Urine, 

Cc 

1 

Sugar, 

Gm 

Urine, 

0 c 

Sugar, 

Gm 

83 

2 59 

99 

2 40 

118 

2 77 

305 

750 

340 

683 

1,643 

27 99 

251 

8 21 

347 ' 

1 

336 

260 

415 

210 

212 

396 

6 75 

2,040 

23 72 

584 

3 27 

370 

i 

2 96 

372 

1 

1 

1 5 39 

145 

2 75 

320 

7 20 

2,546 

27 43 

204 

4 38 

134 

312 

140 

315 

176 

183 

315 

6 48 

1,458 

27 85 

172 

344 

112 

2 29 

117 

2 31 

200 

1 50 

285 

513 

1,440 

2312 

200 * 

1 

500 

170 

306 

154 

354 

238 

183 

270 

6 61 

1,612 

2913 




Diastolic 

activity. 

S3 










Diastolic 

activity. 

39 






i 


3/30/17, Ambard’s constant 0 09 
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in the diet being allowed During this time the glycosuria varied a 
great deal from day to day, although the chlorid metabolism was very 
low 

Chart 2 is a graphic record of the glycosuria in relation to sodium 
bicarbonate ingested It will be noted this was during the same period 
as Section 2 of Chart 1 , in other words, the chlorids were still 
restricted For a period of four days (A) before administration the 
daily average excretion was 10 9 gm Sodium bicarbonate in the 
amount indicated was then given by mouth This was continued for 
seven days and the average daily sugar excretion increased to 19 6 gm 



Chart 2 — Graphic record of glycosuria in relation to sodium bicarbonate 
intake and sugar output Explained more fully in the text The dash line = 
sodium bicarbonate , solid line = sugar 


A period of four days (C) without sodium bicarbonate was then given 
The average daily sugar output for this period was 17 3 gm The 
sodium bicarbonate was next given by duodenal tube for a period of 
three days (D), 1,000 cc of a 05 per cent solution being adminis- 
tered During this period the daily sugar output averaged 22 7 gm 
It was felt that the bicarbonate was of little practical value, and we dis- 
continued its administration During the remainder of the patient’s 
stay in the hospital the daily sugar excretion averaged 25 gm of 
dextrose 


21 The duodenal contents were recovered at various periods in order to make 
certain the tube was in the duodenum Bile pigments were identified in the con- 
tents by the spectroscope 
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Table 2 records the sugar and fluid output During the day the 
urine was collected every two hours and a ten-hour collection made of 
the night specimen The patient was on the same diet each day and 
the salt was restricted throughout the entire period The first day is 
a record of the excretion with only the restricted salt Sodium bicar- 
bonate was then administered by duodenal tube for four days Two 
hourly collections were made on the third and fourth days and are 
recorded on the table It will be noted that there is no appreciable 
change m the total output A return to three more days of restricted 
salt was then made 

This table is of interest because of the amount of sugar excreted 
with each collection In the morning specimens the total output was 
always low, being about 1 to 2 gm During the middle of the day it 
increased at the same time the fluid output was at its height In the 
evening specimen it again fell to the same level as m the morning col- 
lection The night specimens n ere always low m total output Appar- 
ently no causal relationship exists between the fluid output and the 
glycosuria 

It will be noted in Table 1 that the blood sugar^^ has been recorded 
at frequent intervals during the patient’s entire stay in the hospital 
Only after prolonged starvation was there any appreciable change m 
the sugar level At that time it fell to 0 09 and 0 1 per cent During 
the period of constant diet m Table 2 it was between 0 12 and 0 14 
per cent which is unquestionably the upper limit of normal 

CONCLUSIONS 

1 A diagnosis of renal glycosuria is established m this case 

2 Glycosuria has little relation to chlorid metabolism in this 
condition 

3 The renal threshold for sugar was not increased by sodium 
bicarbonate ingestion 

The chlonds of the food were estimated from Sherman’s "Chemistry of Food 
and Nutrition ’’ In a few instances they were determined in our laboratory 
Myers and Killian"* have recently reported studies relative to the diastatic 

24 Myers and Killian Jour Biol Chem , 1917, 29, 179 
activity of the blood It is of passing interest that we record two determinations 
on this case The findings were 33 and 36, a little above the normal The prog- 
nostic significance of this is not yet apparent 

We are indebted to Dr E L Tuohy of Duluth, who referred this case to the 
University Hospital, and to Miss Winifred Swift for technical assistance 


22 Blood collected some months after the patient left the hospital showed for 
oxalated blood, 0 0661 sugar, and for plasma, 0060 sugar 

23 We have found the normal limit m our laboratory between 0 11 and 0 14 
per cent 
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SALT METABOLISM IN DIABETES MELLITUS 

A H BEARD, MD 

MINNEAPOLIS 

During the last year, in addition to the routine followed in the 
metabolic wards of the University Hospital in the care and treatment 
of patients with diabetes melhtus, we have attempted to determine the 
cause and conditions leading to the rapid loss or gam of weight in 
patients suffering from this disease Any one woiking with diabetes 
has been surprised to note the gain in weight of certain types of patients 
while undergoing starvation It is not a new condition, arising entirely 
from’^ Allen’s treatment In earlier days it was often found that 
patients gamed weight on the ^‘Oatmeal cures,” or lost rapidly as coma 
approached 

Rapid loss or gam m weight, the total calories remaining at the 
same level, occurs m normal individuals with alterations m amount of 
fat, carbohydrate and protein m their diets Joshn^ asserts that a high 
carbohydrate diet is apt to increase the weight and a low carbohydrate 
with a high fat intake usually loweis it This is probably due to 
storage of one or the other of these ingredients Zuntz,® in 1912, 
showed that for every gram of carbohydrate stored m the body it was 
necessary to retain 3 gm of water, while, on the other hand, for every 
gram of fat retained, 0 1 gm of water was necessary As a result, it 
was thought that the rapid gam m weight on the old oatmeal diet was 
due to sudden storage of carbohydrates requiring the necessary amount 
of water m the body tissues 

There are other factors that enter into the retention of fluids In 
normal individuals high sodium chlorid ingestion increases the weight 
of the body, although as a rule edema does not develop Joslin- men- 
tions this m his recent monograph He also says that diabetic patients 
with the disease m severe form, during the starvation period, often 
develop edema, probably due to the high sodium chlorid ingestion In 
1908 Joslin and GoodalB reported edema m severe diabetes following 
the use of sodium bicarbonate Their explanation was as follows 

* Submitted for publication Jan 2, 1918 

■^From the Chemical Laboratory, Department of Medicine, University of 
Minnesota 

1 Allen Glycosuria and Diabetes, Boston, 1910 

2 Joslin Treatment of Diabetes Melhtus, Lea & Febiger, 1916 

3 Zuntz Biochem Ztschr , 1912, 44, 290 

4 Goodall and Joslin Jour Am Med Assn , 1908, 51 , 727 
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Apparently the administration of sodium bicarbonate by favoring the excre- 
tion of large quantities of retained acid bodies, leads to irritation of the kidneys, 
resulting in their inability to excrete salt in the normal manner If the salt in 
the diet is restricted there is less to be retained and consequently no gain in 
weight results 

Joslin^ also says that clinically it is inadvisable to allow a salt-free 
diet because of the liability of coma, in which loss of weight may be 
rapid 

ROUTINE 

On admission each patient was placed on a diet corresponding as 
closely as possible to the food intake before entrance to the hospital 
In a few instances, because of the condition of the patient, this has not 
been possible The cases showing moderate acidosis were included in 
the usual routine This gave us the actual condition of the patient 
before starvation was instituted The next step was preparation for 
starvation Fats were first restricted and later carbohydrates eliminated 
from the diet In other words, the acidosis received first considera- 
tion, the glycosuria being controlled later On the fourth day from 
25 to 30 gm of carbohydrates were allowed, the amount of protein and 
fat being only that present in the 5 and 10 per cent vegetables and 
broth The fifth day started the complete starvation period, which 
was continued, in most cases, from two to three days, until glycosuria 
was eliminated Starvation consisted of the usual routine — broth, tea, 
and coffee without sugar or cream 

Fluids were forced from the time of admission, the patient receiv- 
ing between 2,000 and 3,000 c c of fluid daily ° This also assisted in 
combating acidosis before starvation was instituted 

The remaining routine was as follows 

The patient was weighed daily before breakfast, after completion 
of the twenty-four-hour specimen The weight of the clothes was 
deducted m each case Later, after glycosuria had disappeared, the 
usual weekly starvation day was given 

Alternate cases, irrespective of the severity of the disease, were 
placed in separate groups The first group was allowed unrestricted 
use of table salt without sodium bicarbonate The second group 
received sodium bicarbonate with only the chlorids normally present 
in the food Sodium bicarbonate was given in periods of from seven 
to ten days each, 10, 25 and 40 gm , respectively This grouping of 
patients excluded the possibility of selecting our cases for either type 
of treatment The food values were calculated by the hospital dietitian 
Sherman’s" values were accepted for chlorid content of the food In 

5 In each case the water content of the food was included 

6 Sherman Chemistry of Food and Nutrition, Macmillan, 1915 
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a few instances the salt content was determined in our laboratory 
The broth was always made under the same directions and the chlorid 
determined twice a week in older -to check the results As a rule, as 
presented to the patient, it averaged between 0 08 and 0 09 per cent " 
In the early cases the chlorid content of the feces was determined 
Because of the constant low excretion, between 0 2 and 0 8 gm in 
twenty-four hours, further determinations were discontinued The 
chlorid content of the blood was determined in the early cases by the 
McLean and Van Slyke® method Constant values between 5 5 and 
6 2 mg per 100 c c , irrespective of edema, were found, and conse- 
quently these determinations were discontinued 

The methods used in carrying out these studies were as follows 


Determination 

1 Urinary nitrogen 

2 Urinary ammonia 

3 Urinary sugar 

4 Urinary diacetic acid 

5 Urinary acetone 

6 Alveolar carbon dioxid 

7 Alkaline reserve 

8 pH of blood 

9 Blood sugar 

10 Chlorids of urine 


Method 

Kjeldahl 

Rouchese Malfattd 

Benedict’s solution and polariscope 

Gerhard’s solution 

Lugol’s solution 

Collected — Plesctf" 

Determined — Haldane^ 
Determined — Marnotd" 

Van Slyke” 

Levy, Rowntree, and Marriott" 
Myers and Fine” 

V olhard-Harvey” 


In the senes of twenty-five patients varying between 5 and 78 
years in age, edema and gain in weight developed in three patients 
Two developed edema on unrestricted chlorids (Cases 3 and 4) , the 
third (Case 5) was given sodium bicarbonate with restricted salt The 
remaining patients showed a general loss of weight without edema, 
irrespective of the series in which they were placed Two of such 
typical cases are included in the report (Cases 1 and 2) 


REPORT OF CASES 

Case 1 — Mrs S (10834), aged 63, married, born in Sweden, lived in the 
United States thirty-five years , occupation, housewife , weight, 49 7 kg , height, 
152 4 cm , admitted March 14, 1917, discharged May 12, 1917 l 


7 This was ser\ ed to the patient In many instances thev added large quan- 
tities of salt 

8 McLean, F C , and Van Slyke, D D Jour Biol Chem , 1915, 21 , 361 

9 Folin Laboratory Manual of Biological Chemistry, Appleton & Co , 1916 

10 Plesch Ztschr f exper Path u Therap , 1909, 6, 380 

11 Haldane and Priestley Jour Physiol , 1905, 32 , 225 

12 Marriott Jour Am Med Assn , 1916, 66, 1594 

13 Van Slyke Proc Soc Exper Biol and Med , 1915, 12 , 165 

14 Levy, Rowntree, and Mariiott The Archives Int Med, 1915, 16 , 389 

15 Myers and Fine Chemical Composition of the Blood in Health and Dis- 
ease, 1915 

16 Harve\ The Archues Int Med, 1910, 6, 12 
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Family and past history negative 

Present Illness — Four years prior to admission the patient developed weak- 
ness, polyuria, polydipsia and polyphagia/and lost 90 pounds during this period 
A prescribed diet has not resulted in improvement Her physician says "she 
has never been sugar-free ” Generalized pruritis has appeared during the last 
few months 

Physical Examination — Considerable emaciation Heart and lungs are nega- 
tive Abdomen is negative except for a palpable right kidney An old vari- 
cose ulcer is present over the left ankle and marked varicose veins are found 
in both legs Knee jerks not obtained 

SUMMARY 

This patient showed a gradual loss of weight On admission she 
was placed on restricted salt and the routine amounts of sodium bicar- 
bonate for a period of four weeks It will be noted (Table 1) that 
her carbohydrate tolerance was first reached at 125 gm After the 
bicarbonate was discontinued, unrestricted chlorids were allowed A 
few days of digestive disturbance followed the withdrawal of the 
bicarbonate Later the carbohydrate tolerance was again leached at 
125 gm This is of interest because of Underhill’s^” recent report 
claiming increased tolerance on sodium bicarbonate administration 
The metabolic and acid-base equilibrium studies are recorded in 
Table 1 Glycosuria and weight in relation to the salt and fluid balance 
have been recorded in Chart 1 Also the number of caloiies per kilo- 
gram body weight has been charted The highest chlorid intake in 
twenty-four hours was 21 gm The gieatest loss of weight occurred 
in the first period during restriction of the chlorids On high sodium 
bicarbonate and unrestricted salt the weight was maintained It is 
only fair to state, however, that during the period of maintenance of 
weight the caloric intake was greater than during the eailier periods 
No edema developed at any time It will be noted that during her stay 
in the hospital there was a gradual loss of 12 5 pounds No marked 
chlorid and fluid retention or loss developed 

Case 2 — Mrs T (10530), aged 50, born in Belgium, lived in the United 
States fifteen years, occupation, housewife, weight, 65 8 kg , height, 1,473 cm , 
admitted Jan 27, 1917, discharged Feb 19, 1917 

Family and past history are not remarkable 

Present Illness began five or six years prior to admission with stiffness m 
knees, weakness and general malaise _The skin was very “itchy” and the bowels 
have always been constipated The patient has been admitted in other hospi- 
tals but carbohydrate tolerance has never been determined There has been 
considerable polyphagia, polydipsia and polyuria The latter has decreased some- 
what during the last few years There has been a gradual loss of 100 pounds 
111 weight 

Physical Examination — A poorly nourished, elderly woman, the heart 
IS slightly hypertrophied and shows definite mitral insufficiency , umbilical hernia 
the size of an orange is present, both kidneys are palpable, knee jerks are 
not obtained 


17 Underhill Jour Am Med Assn , 1917 68, 497 
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TABLE 1— Data- 


ilarch 

13-14 

14 15 

15 16 


Fluid 

Amt 

Urine 

Specific 

Eeac- 

Albu- 

NHa 

Van 


Intake 

m 0 c , 

Gravity 

tion 

min 

Gm 

Slyke 

P H 

in 0 c. 

12 Hr 







Sugar 
Sod Excret 

Bic , % 

Gm Eeduet 


I 1,650 
500 (?) ! 1,075 


1617 

2,769 

' 2,450 

1718 

2,360 

2,635 

18-19 

2,890 

2,600 

19 20 

2,860 

2,450 

20 21 

2,785 

2,390 

2122 

2,560 

2,800 

22 23 

2,705 

2,000 

23 24 

2,260 

2,300 

24 25 

2,738 

2,400 

25 26 

2,403 

2,250 

26 27 

2,738 

2,000 

27 28 

2,543 1 

1,900 

28 29 

2,150 

1,720 

29 30 

2,508 

1,800 

30 31 

2,718 

2,150 

311 

2,333 

2,000 

April 



12 

1,885 1 

2,625 j 

2 3 

2,331 

1 

2,450 1 

3 4 

2,010 1 

2,650 

4 5 

2,000 

2 800 

56 

2 085 , 

2,720 

67 

1,935 

2,400 [ 

78 

2,090 

2 000 i 

89 

^ 2,735 

2,400 1 

910 

2,020 

1,870 1 

1011 

( 2,135 

2,150 , 

1112 

[ 2,210 

2,000 ' 

12 13 

, ^260 

1,700 1 

13 14 

2,385 

1,900 1 



i 1010 
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Total 

Sugar C H Protein Pat 
Exc , Intake, Intake, Intake, 

Gm Gm Gm Gm 


Calories 

Caloric per Kg Weight, O H 
Intake Body Kg Bal 
Weight 


Blood Blood Pulse 
Sugar, Pres 

% sure 
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TABLE 1 — Data in— 


Date 

1917 

Pluid 
Intake 
in C c 

Amt 
Urine 
m O e , 
12 Hr 

Specific 

Gravity 

Eeae 

tion 

Albu 

mm 

NH3 

Gm 

Van 

Slyke 

P H 

C03 

Tension 

in 

Mm Hg 

Sod 
Bic , 
Gm 

Spgar 

Escret 

% 

Eeduct 

18-19 

1,560 

1,460 

1020 

Aik 

0 

7 


32 08 

0 

060 

19 20 

2,810 

2,270 

1010 

Aik 

0 

? 


38 09 

10 

0 95 

20-21 

1,700 

1,400 

1016 

Aik 

0 

? 

39 06 


39 45 

0 

0 






Urates 






21 22 

2,260 

1,200 

1017 

Aik 

-f-l- 

1 


32 08 

0 

0 






UraTtes 






22 23 

1,800 

1,470 

1020 

Aik 

-t-f 




0 

0 

23 24 

1,710 

1,620 

1012 

Acid 

0 

0 615 



32 08 

0 

0 

24 25 

2,925 

1,700 

1010 

Acid 

0 

1 58 



34 32 

0 

0 042 

25 2S 

1,776 

1,500 

1015 

Aik 

0 

9 



36 55 

0 

0 

26 27 

3,025 

1,700 

1 010 

Aik 

0 

> 




0 

0 

27-28 

2,835 

1,840 

1018 

Aik 

0 

? 

43 88 

7 45 

42 62 

0 

0 

28-29 

2,775 

2,040 

1011 

Aik 

0 

f 


37 30 

0 

0 

29 30 

2,600 

1,650 

1013 

Aik 

0 

9 



0 

0 

80-1 

2,600 

2,600 

1010 

Aik 

0 

? 


37 30 

0 

0 

May 











12 

4,300 

1,900 

1016 

Aik 

0 

? 


42 03 

0 

0 

23 

2,700 

1,600 

1016 

Aik 

0 

? 


87 30 

0 

t) 

34 

1,450 

1,420 

1014 

Aik 

0 

? 


42 03 

0 

0 

45 

2,150 

1,700 

1011 

Aik 

0 

? 



0 

(i 

56 

2,800 

1,480 

1018 

Aik 

0 

7 


35 03 

0 

0 

6-7 

2,600 

1,400 

1015 

Aik 

0 

7 



0 

0 

7-8 

2,560 

3,000 

1010 

Aik 

0 

7 


33 57 

0 

0 

89 

2,700 

2,900 

, 1012 

Aik 

0 

7 


35 06 

0 

0 

910 

2,600 

3,870 

, 1007 

Acid 

0 

0 928 


35 81 

0 

0 

1011 

j 2,400 

1,700 

1015 

Aik 

0 



39 54 ' 

0 

0 

1112 

I 1,700 

3,100 

' 1011 

i 

Aik 

0 



33 57 

0 

0 


* Two determinations made Acetone and diacetic acid absent throughout ^o ilcohol vas used Sedi 
ment absent trom urine 


SUMMARY 

A mild case of diabetes of six years’ duration in which the patient 
was given unrestricted chlorids No edema developed and a gradual 
loss of 8 pounds occurred The tolerance was reached on 135 gm of 
carbohydrate The highest chlorid intake in one day was 31 gm 
Table 2 presents data relating to metabolism and acidosis Chart 2 
shows the glycosuria and weight in relation to the salt and fluid balance 

Case 3 — V F (10541) aged 38 born in the United States, occupation 
chauffeur, veight 53 3 kg, height, 1651 cm, admitted Jan 30, 1917, dis- 
charged Feb 23, 1917 
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Total 
Sugar 
Esc , 
Gm 

0 H 
Intake, 
Gm 

Protein 

Intake, 

Gm 

Pat 

Intake, 

Gm 

Caloric 

Intake 

Calories 

per 

Body 

Weight 

Weight, 

Kg 

C H 
Bal 

Blood 

Sugar, 

% 

Blood 

Pres 

sure 

Pulse 

8 76 

114 32 

70 49 

8611 

1,514 23 

32 9 

461 

105 56 



118 

21 56 

76 86 

60 42 

98 76 

1,438 00 

311 


55 30 



92 

0 

13 71 

10 70 

1140 

200 24 

44 

45 2 

13 71 

0 294 


86 

0 

4013 

37 95 

38 48 

658 64 

14 7 

44 6 

40 13 


90 

0 

4013 

37 95 

38 48 

658 64 

14 9 

44 0 

4013 ^ 


90 

0 

49 76 

66 08 

56 04 

827 68 

18 8 

44 0 

49 75 


88 

0 714 

6613 

55 86 

55 45 

987 01 

222 

44 3 

65 42 



82 

0 

82 07 

66 47 

6913 

1,216 33 

27 2 

44 5 

82 07 



82 

0 

14 58 

22 58 

19 62 

314 07 

6 97 

45 0 

14 58 



100 

0 

39 68 

34 92 

38 72 

646 88 

14 5 

44 5 

39 68 

0177 


80 

0 

59 73 

55 41 

55 39 

959 07 

212 

45 2 

59 73 



78 

0 

60 44 

56 20 

64 78 

1,049 58 

23 4 

44 7 

60 44 


72 

0 

62 39 

56 69 

65 22 

1,063 30 

23 8 

44 7 

62 39 


92 

0 

62 39 

56 39 

65 22 

1,065 30 

23 8 

44 6 

62 39 


80 

0 

r 

64 67 

53 31 

5518 

928 54 

20 (> 

45 0 

54 67 



86 

0 

54 67 

53 31 

j 

5518 

928 54 

20 6 

45 0 

64 67 

0 246 j 

86 

0 

6101 

j 53 81 

59 47 

994 51 

221 

44 9 

6101 

1 

70 

0 

15 85 

j 7 41 

860 

169 36 

37 

451 

15 85 ' 1 

86 

0 

c: 77 

1 

1 57 22 

64 91 

1,092 15 

24 5 

44 5 

69 77 i 1 

84 

0 

69 77 

1 

i 67 22 

1 

64 91 

1,09215 

24 3 

44 8 

69 77 ! 

84 

0 

8130 

60 54 

77 20 

1,262 16 

281 

44 9 

8130 1 

86 

0 

8130 

1 60 54 

77 20 

1,262 16 

28 3 

44 5 

8130 ‘ 1 

88 

0 

100 34 

67 34 

70 67 

1 1,31101 

29 8 

44 0 

100 40 j 

90 

0 

122 08 

78 39 

1 

76 99 

j 1,494 79 

33 4 

44 7 

122 08 1 

t 

82 


Family and past history are negative 

Present Illness — This began gradually, one year prior to admission, with 
progressive loss of weight, pain in the legs and polyuria Later polyphagia 
and polydipsia appeared One month previous to admission a diagnosis of 
glycosuria and diabetes was made The patient’s diet has been moderately 
restricted since that time There have been no symptoms suggesting threatened 
coma His highest weight three years before admission was 150 pounds One 
year before admission he weighed 125 pounds 

Physical Examination — A well developed and fairly nourished young man 
There is slight cyanosis of the lips and some internal strabismus, which he 
says “has been present since childhood ” Otherwise the physical findings are 
negative 

Phenolsulphonephthalein excretion, Feb 2 1917 first hour, 34 per cent 
second hour, 15 per cent , total 49 per cent 
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SUMMARY 

This case has been recorded because of the severity of the acidosis 
and glycosuria The patient left the hospital before his tolerance was 
established The dextrose-nitrogen ratio is of little value, since he 
received some carbohydrates in the form of milk on the fifth and sixth 
da^s Table 3 records his metabolism and acidosis studies It will be 
noted (Table 3) that he was allowed unrestricted chlorid and took as 
high as 47 gm in twenty-four hours He gained 9 5 pounds during 
his first week after admission During this period the chlorid intake 



Chart 1 — Curves showing glycosuria and weight in relation to the salt and 
fluid balance in Case 1 


was 136 14 gm , and his elimination 122 16 , showing a retention of 
13 98 gm At the same time his fluid intake was 22,483 c c , and his 
output 20,550 c c , with a urinary retention of 1,933 c c The next 
seven days showed an increased dextrose elimination while on a pro- 
tein and fat diet At the same time his chlorid intake fell and his 
chlorid excretion was greater than his ingestion During this period 
he excreted 211 82 gm and the intake was 60 55 gm , or a difference 
of 151 27 gm His fluid balance showed an intake of 28,045 cc and 
an output of 26,400, with a urinary retention of 1,645 cc (probably 
excreted through skin and lungs) He lost 7 5 pounds during this 
period The glycosuria shows a definite increase and the sugar curve 
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corresponds to the chlorid elimination Otheiwise the chart (Chait 3) 
does not show anything of interest Edema was present after the 
second day of admission bemg most marked during the first week 

Case 4 — S E (10431), aged 18 years, single, born in the United States, 
occupation, farmer, weight 492 kg , height 160 cm His first admission to this 
hospital was m 1915 He became sugar-free on a moderately restricted diet 
The carbohydrate tolerance was not determined 

Present admission, Jan 17, 1917, discharged Feb 16, 1917 
Family and past history negative 

Present Illness— Two years ago (April, 1915) the patient developed painful 
urination and considerable frequency Some polyuria appeared The com- 



Chart 2 — Curves showing glycosuria and weight in relation to salt and 
fluid balance in Case 2 

bination was so severe that he suffered considerably from insomnia Later 
polydipsia and polyphagia developed Four months later a carbuncle was 
opened on the back of his neck and on reporting to his physician, diabetes 
was discovered At this time severe headache with some nausea and vomiting 
occurred These symptoms had disappeared at the time of his first discharge 
from the hospital During the last few weeks symptoms of acidosis with 
threatened coma have again developed His father said “He has had con- 
siderable headache, nausea, and vomiting, diarrhea and drowsiness during the 
last two weeks He has lost 20 pounds in the last two years, none recently” 
Physical Examinaiton — A well developed and fairly well nourished young 
man, very drowsy and aroused with difficulty, mucous membrane slightly 
cyanotic, otherwise physical examination is negative 

Phenolsulphonephthalein excretion, Jan 17, 1917 first hour (500 cc), 70 per 
cent , second hour, 30 per cent 
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TABLE 2 — Data — 


Date 

1917 

Fluid 

Intake 

In 0 c 

Amt 
Urine 
in 0 c , 
12 Hr 

Specific 

Gravity 

Eeac 

tion* 

NHa 

Gm 

Van 

Slyke 

P H 

00= 

Tension in 
Mm Hg 

H M 

Sod 

Blc, 

Gm 

Sugar 

Dxcret 

% 

Redact 

Jan 












27 28 


420 

1025 

Aik 

? 

37 32 

73 

39 54 

40 

0 

147 

28 29 

1,850 

4,225 

1010 

Acid 

123 





0 


29 30 

4,518 

4,125 

1006 

Acid 

132 



42 52 

40 

0 

0801 

30-31 

3,750 

3,000 

1009 

Acid 

116 



37 30 

40 

0 

0150 

311 

4,600 

2,600 

1009 

Acid 

? 

27 25 

7 3 

36 55 


0 


Feb 












12 

3,800 

5,125 

1005 

Aik 

7 



34 32 


0 

1 

0 

23 

5,300 

3,000 

1009 

Aik 

124 



32 82 

35 

0 

0 

31 


2,800 

1010 

Acid 

? 


1 32 82 

35 

0 

0 

4 5 

3t3t)0 

2,550 

1009 

Aik 

056 





0 

0 

5-6 

3,622 

2,700 

1 010 

Acid 

? 



38 79 

40 

0 

0 

67 

4,900 

2,950 

1010 

Aik 

7 



34 32 

35 

0 

0 

78 

3,190 

2,400 

1009 i 

Aik 

7 



35 81 


0 

0 

8-9 

4,448 

2,600 

1009 ‘ 

j 

Aik 

7 

4151 

7 4 

42 62 


0 

0 

910 

3,928 

3,100 

1,003 

Aik 

7 



41 03 


0 

0 

10-U 


3,700 

1010 1 

Aik 

7 


8954 


0 

0 

11-12 

3,699 

2,800 

1010 ' 

Aik 

7 




0 

0 

1213 

2,904 

2,050 

1011 

Aik 

7 




0 

0 

13-14 

3,424 

3,700 

1006 

Aik 

7 

1 

1 

43 27 


0 

0 

1415 

3,910 

2,000 

1009 1 

Aik 1 

7 


41 78 


0 

0 

15-16 

3,525 

3,400 

1,007 

Aik 

7 




0 

0 

1617 

4,010 

3,700 

1011 

Acid 1 

088 


43 27 


0 

0 400 

17 18 

3,873 

3,750 

1 006 

Neg 1 

1 72 

43 67 1 



0 

0 

1819 

4,185 

2,150 

1011 i 

Acid I 

064 




0 

0 

19 20 

3,500 



1 


44 52 

j 



0 

0 


‘January 27 28, acetone +, diacetic acid doubtful , otherrvise negatne tliroughout, albumin, a trace 
Januar 3 28-29, sediment absent, no alcohol given 


SUMMARY 

This patient showed symptoms of threatened coma on admission 
The glycosuria decreased from 102 gm to zero in four days Asso- 
ciated with this there was a decrease of the acidosis The carbohydrate 
tolerance was from 35 to 40 gm He was allowed unrestricted chlorid 
and It will be noted that in the first period he ingested as high as 37 gm 
in twenty-four hours 

The metabolic and acidosis studies are recorded in Table 4 The 
ac’dosis studies showed a steady tendency to return to normal and on 
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— IN Case 2 


Total 
Sugar 
Exc , 
Gm 

0 H 
Intake, 
Gm 

Protein 

Intake, 

Gm 

Pat 

Intake, 

Gm 

OaloTic 

Intake 

Oalones 
per Kg 
Body 
Weight 

Weight, 

Kg 

0 H 
Bal 

Blood 

Sugar, 

% 

Blood 

Pres 

sure 

Pulse 

617 




Genei 

al Body 





84 

40 65 

99 97 

2816 

28 36 

767 76 

12 54 

660 

69 42 



76 

12 41 

64 61 

2138 

20 81 

626 76 

86 

65 4 

62 21 



83 

45 

39 32 

8 76 

811 

265 31 


653 

34 32 



78 

0 

15 26 

8 76 

6 29 

152 33 

j 

? 


15 26 

0 486 


88 

0 

16 26 

8 67 

629 

152 33 

23 

66 3 

16 26 

1 

1 

f 

1 

90 

0 

25 68 

26 69 

30 02 

479 26 

73 

649 

25 68 



79 

0 

19 74 

19 68 

23 95 

370 83 

57 

64 4 

19 74 



88 

0 

30 82 

39 57 

40 44 

645 66 



30 82 


. 

92 

0 

39 20 

5311 

6511 

865 23 

13 6 





85 

0 

15 26 

8 67 

6 29 

162 33 

24 

63 6 

15 26 



84 

0 

5173 

60 36 

65 84 

1,050 92 

16 6 

631 

6173 



88 

0 

60 23 

6116 

82 94 

1,232 02 

19 4 

62 7 




89 

0 

69 61 

66 64 

87 41 

1,330 89 

212 

62 7 

69 51 


• 

92 

0 

8100 

7217 

99 03 

1,503 95 

23 9 

62 7 




92 

0 

90 51 

1 7139 

110 21 

1,639 49 

26 2 

62 4 





0 

95 99 

69 93 

10812 

1,646 66 

26 3 

62 5 

95 99 



89 

0 

14 79 

, 790 

614 

146 02 

2 4 

628 

14 79 




0 

117 79 

70 72 

125 24 

1,881 20 

30 2 

62 2 

117 79 



84 

0 

135 55 

74 82 

140 47 


33 7 

62 5 

135 55 



92 

17 02 

157 82 

j 65 36 

147 52 

1 


36 7 

62 5 

140 80 



82 

0 

3416 

1 18 41 

35 04 

525 64 

83 

62 9 

3416 




0 

1419 

1 7 90 

614 

146 02 

23 

62 6 

1419 



76 

0 






62 7 




78 


discharge a normal acid-base equilibrium was present Chart 4 recoi ds 
the usual curves of glycosuria and weight in relation to chlorid and 
fluid balances During Period 1 the chlorid intake was 143 gm and his 
output 84 gm , showing a retention of 58 3 gm of sodium chlorid 
The fluid chart records an intake of 26,009 c c and an output of 
15,270 c c There was a retention of 10,739 c c , or a daily retention 
of 1,789 c c During this period there was an increase of 13 pounds in 
weight with considerable edema of the ankles 

During the ten. days, after glycnsnria disappeared the weight 
gradually decreased to the level present on admission He excreted 
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214 gm of sodium chlond while the chlond intake was only 728 gm 
— a loss of 1412 gm The fluid ingested was 34,155 cc, and the 
excretion 27,750 cc — a retention of 6,405 cc There was a daily 
letention of 640 c c Glycosuria did not occur with the chlond excre- 
tion as in Case 3 The second period of sugar excretion occurred at 
the time his tolerance was reached Following this period he again 
ingested a large amount of chlorids, which he retained (Section 3, 
Chart 4) Later a slight gain in weight occurred At this time a third 



Chart 3 — Curves showing findings in Case 3, a definite increase m the 
sugar curve corresponding to the chlond elimination 


period of glycosuria developed and simultaneously the retained chlonds 
were excreted 

During the second period the carbohydrate tolerance occurred on 
49 38 gm At this time there was edema and a gradual loss of weight 
After he had returned to his admission weight and the edema had 
disappeared, the tolerance was 37 48 gm of carbohydrate This is the 
only case showing an increased carbohydrate tolerance in the group of 
unrestricted chlorids 
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Case 5 — Mrs L H (10927), aged 26, born m the United States, occupation, 
housewife, weight 379 kg , height 136 cm , admitted March 27, 1917, discharged 
April 29, 1917 Maternal grandfather had diabetes, died at age of 87 Other- 
wise the’ family and past history are negative 

Present Illness — One year prior to admission the patient developed weak- 
ness and gradually lost 60 pounds in weight At that time she was pregnant 
The child now is 10 months old and doing nicely There has been excessive 
polyuria, polydipsia, and polyphagia, has been on a modified Allen treatment 
for nine months, but glycosuria has persisted Tolerance has never been deter- 
mined Amenorrhea has existed for seven months, with considerable pain in 
back and legs 

Phystcal Examination — A poorly developed and undernourished young 
woman, slight general adenopathy, lungs show some impairment of right apex 
slightly more than physiologic, no rales made out on repeated examination, but 
expiration is prolonged, liver dulness begins at the fourth rib and is lost 1 cm 
below the costal margin, where a smooth edge is felt Both kidneys are palpable 
Phenolsulphonephthalein excretion first hour, 34 per cent , second hour, 
12 per cent , total, 46 per cent 



^art 4— Curves showing glycosuria and weight m relation to chlorid and 
fluid balances in Case 4 * Food stolen 


SUMMARY 

Mrs L H was the only patient showing increase of weight on 
sodium bicarbonate ingestion Table 5 records the metabolic and 
acidosis studies Chart 5 records the glycosuria and weight in relation 
to chlorid and fluid balances It will be noted that during the period 
of sodium bicarbonate administration the chlorids were restricted 
During this period there was a gam of 10 pounds in weight At van- 
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Date 

1917 

Fluid 
Intake 
in 0 c 

Amt 
Urine 
in 0 c , 
12 Hr 

Sp 

Gr 

Eeac 

tion 

Jan 





29 30 


3,100 

1 028 

Acid 

30 31 

2,000 

2,700 

1034 

Acid 

311 

1,568 

3,350 

1019 

Acid 

Peb 





12 

4,300 

3,350 

1018 

Aik 

23 

6,250 

3,400 


Acid 

34 

5,065 

3 450 


Acid 

4 5 

4,300 

4,300 


Acid 

5-6 

4,615 

3,900 

1012 

Acid 

67 

3,800 

4,000 

1013 

Acid 

78 

3,680 

4,100 

1020 

Acid 

89 

3,900 

5,000 

1020 

Acid 

910 

3,900 

3,600 

1024 

Acid 

10-11 

5,160 

3,200 

1016 

Acid 

1112 

3,100 

2,600 

1016 

Acid 

12-13 

1,600 

3,000 

1012 

Acid 

13 14 

2,050 

3,700 


Acid 

14 15 

3,400 



Acid 

15-16 

6,000 



Aik 

16 17 

4,800 



Acid 

17-18 

5,700 


1012 

Acid 

IS 19 

6,100 


1012 

Acid 

19 20 

6,100 



Acid 

20 21 

5,200 

4,000 

1010 

Acid 

21 22 

5,350 

4,700 


Aik 

22 23 

4,250 

3,100 


Aik 

23 24 

4,710 





TABLE 3 — Data — 


Acid* 

D N 
Batio 

A Ha 
Gm 

Van 

Slyke 

i 

P H 

COa 

Tension in 
Jim Hg 
H M 

A 

D 

1,226 














+ 4“ 

++ 


217 



37 so 35 

1,263 6 










1 




+-1- 

+ + 


, 3 07 1 

29 63 

1 7 35 

32 08 30 




1 ' 


1 





! 


1 


+ 

-i- 


383 


1 

j 29 So 30 

t 

+ 

i 

0 


? 



30 59 80 

Tr 

-i- 


319 1 



34 32 35 

+ 

+ 


2 69 



34 32 35 

Tr 

-t- 


2 45 i 




Tr 

+ 

0 953 

2 34 ' 

34 48 1 

7 40 

38 09 40 

-t-t- 

-i- 

110 ' 

232 

35 72 I 

7 40 

38 79 40 


+ 

2 70 1 

2 33 

36 58 ' 

7 40 

33 79 

++ 

4* 

3 26 

3 20 

32 77 

7 40 

35 81 

++ 

++ 


3 34 

29 63 1 

7 35 

35 81 

++ 

+ 


2 41 

32 77 

7 35 

38 79 

++ 

-f 

114 

107 




Tr 

0 

210 

1 62 




+ 

Tr 

1 00 ' 

1 

151 

40 43 


38 79 

+ 

0 

0 306 

172 



40 28 


0 


? 

40 64 

740 

42 62 

Tr 

Tr 


1 02 

42 67 


45 61 


0 


1 38 



42 52 

0 

0 


183 



1 

+ 

+ 


1 20 


, 

38 09 


0 


1 49 


1 

j 



0 


? 



41 03 


0 


7 








42 36 1 

7 40 

42 52 


Sod 

Bic 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


* Albumin and sediment absent, no alcohol used 
P S P 2 2-17 Pirst hour 34% 

Second hour 16% 

Total 49% 
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Sugar 
Excret 
% Beduct 

S B 

Total 
Sugar 
Exc , 
Gm 

0 H 
Intake, 
Gm 

Protein 

Intake, 

Gm 

Eat 

Intake, 

Gm 

Oaloric 

Intake 

Calories 
per Kg 
Body 
Weight 

Weight, 

Kg 

0 H 

Bal 

Blood 

Sugar, 

% 

Blood 

Pres 

sure 

Pulse 

68 

72 

223 51 


Ge 

ineral Die 

!t 





104/80 

80 

62 

6 32 

170 64 


Ge 

ineral Dl< 



53 3 


0 630 


70 

28 

2 81 

9413 

50 93 

19 17 

2014 

461 66 

83 

55 6 

—43 2 

1 


80 

1 5 

1 57 

52 60 

25 88 

9 42 

6 46 

199 34 

3 52 

565 

—20 72 

i 


64 


106 

36 04 

15 26 

8 67 

6 29 

152 33 

2 66 

57 2 

—20 78 



, 62 

050 

0 51 

17 59 

15 26 

8 67 

6 29 

152 33 

264 

57 6 

—2 33 



66 

0 30 

042 

18 06 

0 

0 

0 

0 

0 

57 9 

—18 06 



60 

0 40 

0 45 

17 55 

0 

3190 

32 82 

422 98 

728 

581 

i —17 55 

1 

0 243 


68 

040 

053 

23 20 

0 

47 70 

43 97 

586 53 

10 3 

56 7 

—23 20 



62 

0 70 

149 

59 74 

0 

38 85 

38 99 

506 31 

8 99 

563 

—59 74 

0321 


66 

17 

193 

96 5 

0 

45 50 

49 24 

625 16 

1115 

56 0 

-96 5 

0 332 


76 

22 

2 69 

96 84 

0(?) 

5210 

55 24 

t 705 56 

129 

54 7 

1 

—968 

0 435 


88 


2 30 

73 6 

0(?) 

5210 

55 24 

705 56 

12 9 

54 5 

—73 60 

0 352 

100/78 

88 


040 

10 4 

0 

5210 

55 24 

705 56 

12 8 

551 

—10 4 



80 

0 50 

0 59 

17 7 

0 

52 47 

55 24 

708 66 

12 7 

55 8 

—17 7 



92 

0 20 

0 30 

111 

0 

52 47 

55 24 

708 66 

12 6 

561 

—111 

0 304 


88 

010 

012 

6 48 

0 

0 

0 

0 

0 

560 

-6 48 



02 


0 

0 

0 

0 

0 

0 

0 

56 0 

0 

0 276 


74 


0 

0 

0 

2 20 

200 

26 8 

048 

55 4 

0 

0 276 


78 


0 

0 

618 

15 39 

16 82 

233 66 

41 

56 5 

+518 



66 


0 

0 

1190 

17 40 

23 64 

329 96 

5 89 

560 

+413 



70 


0 

0 

14 96 

36 67 

4139 

679 03 

10 3 

55 8 

+14 96 



72 

-01 

0 

0 

20 36 

43 43 

44 88 

1,400 34 

25 5 

54 9 

+20 86 

0258 


63 

—01 

0 

0 

1188 

10 54 

25 58 

319 90 

592 

540 

+1188 



80 

-01 

0 

0 

15 94 

34 64 

74 14 

869 58 

16 3 

531 

+15 94 



82 











0 292 


70 



732 


ARCH INT m 


TABLE 4 — ^Data — 


Date 

1917 

Fluid 
Intake 
m 0 c 

Amt. 
Urine 
In 0 e , 
12 Hr 

Sp 

Gr 

Reac- 

tion 

Acid 

Albu 

min 

Sedi- 

ment 

NHs 

Gm 

Van 

Slyke 

P H 

COa 

Tension In 
ilm Hg 
H M 

Sod 

Bie 

A 

D 

Jan 























Gran 







16-17 



1012 

Acid 

-i-i- 

+ 


casts 

1 52 

30 5 


30 59 

30 

0 









Gran 







1718 

3,200 

3,250 


Acid 

-f-i- 

+ 

0 

casts 

2 83 





0 









Gran 







18-19 

5,125 

2,300 


Acid 

++ 

++ 

0 

casts 

310 



30 00 


!»■ 

19 20 

4,829 

1,675 


Acid 


+ 

0 

0 

178 





0 

20 21 

4,850 

1,726 

1014 

Aik 

+ 

+ 

Tr 

0 

? 




35 

0 

2122 

4,480 

2,670 


Aik 

++ 

+ 

0 

0 

? 





0 

22 23 

3,525 

3,650 

1012 

Aik- 

+ 

0 

Tr 

0 

? 

4108 

74 


40 

m 

23 24 

2,500 

3,600 


Acid 

S T 

0 

B 

0 

168 



38 79 

39 

0 

24-25 

5,150 

4,700 

1009 

Aik 

0 

0 

B 

0 

? 



39 54 

38 

0 

25-26 

7,875 

3,800 


Aik 

0 

0 

0 

0 

? 




35 

0 

26-27 

3,225 

1,875 

1011 

Aik 

0 

0 

0 

0 

? 



31 33 

30 

0 

27 28 

2,875 

4,075 

1009 

Aik 

0 

0 

0 

0 

? 



37 3 

35 

0 

28-29 

3,325 

2,150 


Aik 

0 

0 

0 

0 

? 





0 

29 30 

3,855 

2,950 

1008 

Aik 

0 ' 

0 

0 

0 

? 





0 

30-31 

3,300 

2,300 

1012 

Aik 

0 

0 

0 

0 

? 

4160 

74 

38 57 

35 

0 

311 

2,050 

2,300 

1009 

Aik 

0 

0 

D 

0 

? 



34 5 


0 

Feb 















1-2 

2,040 

2,100 

1012 

Acid 

0 

0 

0 

0 

0 85 



S3 57 

35 

0 

23 

3,760 

1,600 


Acid 

0 

0 

0 

0 

0 35 





0 

34 

2,685 

2,700 

1011 

Aik 

0 

0 

0 

0 

? 



38 09 

35 

0 

4-5 

3,700 

2,680 


Acid 

0 

0 

0 

0 

0 73 





0 

5-6 

3,638 

3,100 


Acid 

0 

0 

Tr 

0 

0 87 

43 71 

7 45 

39 54 

40 

0 

6-7 

2,675 

2,800 


Aik 

0 

0 

0 

0 

? 



43 27 

40 

0 

78 

3,465 

2,300 


Aik 

0 

0 

0 

0 

? 



38 09 

40 

0 

8-9 

4,805 

2,200 


Acid 

Tr 

-i- 

0 

0 

066 

41 05 

7 45 

43 27 


0 

910 

3,550 

2,900 


Acid 

-f 

+ 

0 

0 

2 32 



39 54 



16U 

3,900 



Acid 

0 

Tr (U 

0 

0 

0 82 



43 27 


0 

1112 

2,200 



Acid 

0 

0 

0 

0 

0 30 





0 

12 13 

1,600 



Aik 

0 

0 

0 

0 

? 





0 

13 14 

2,650 



Aik ; 

0 

0 

0 

0 

? 



40 28 



14 15 

2,599 



Aik 

0 

0 

0 

0 

? 



45 51 


0 

1616 

4,859 

2,200 

1008 1 

Acid j 

0 

0 

0 

0 

101 

45 19 

7 45 

44 76 


0 


* No alcohol given 

PSP 1-17 17 PIrst hour [500 c c ] 70% 
Second hour 30% 
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—IN Case 4 


Sugar 
E^cret 
% Eeduct 

S B 

Total 
Sugar 
Exc , 
Gm 

C H 
Intake, 
Gm 

Erotefn 

Intake, 

Gm 

Pat 

Intake, 

Gm 

Caloric 

Intake 

Calories 
per Kg 
Body 
Weight 

Weight, 

Kg 

C H 

Bal 

i 

Blood 

Sugar, 

% 

Blood 

Brcs 

sure 

1 

Pulse 

311 

64 85 




General 

Diet 



0 380 


74 

3 0 314 

102 05 

10194 

41 83 

2109 

762 89 

15 5 

49 2 

-on 



80 

2 9 3 03 

C9C9 

70 27 

22 99 

2010 

553 94 

11 2 

49 2 

+0 68 



68 

2 0 184 

30 82 

39 82 

15 76 

18 63 

384 09 

7 74 

50 0 

+8 5 



62 

0 

0 

21 45 

10 49 

i 7 27 

1 

195 89 

3 79 

51 7 

+21 45 



62 

0 

0 

0 

0 

0 

0 

0 

63 6 




74 

0 24 0 23 

8 67 

0 

6 00 

6 00 

804 

1 46 

55 0 

—8 67 

0 237 


62 

010 0 085 

3 00 

0 

060 

COO 

80 4 

1 48 

641 

—3 06 



62 

0 

0 

0 

0 00 

6 00 

804 

1 48 

541 

0 



72 

0 

0 

15 20 

1713 

17 93 

190 93 

5 46 

532 

+15 26 



58 

0 

0 

20 20 

30 26 

3612 

526 92 

988 

53 3 

+20 20 



62 

0 

0 

30 70 

52 51 

55 01 

827 93 

15 0 

631 

+30 70 



58 

0 

0 

41 10 

69 21 

09 70 

1,028 78 

19 9 

515 

+4116 



64 

0 

0 

15 20 

8 67 

029 

152 33 

302 

604 

+15 26 


! 

62 

0 30 0 42 

9 00 

49 38 

66 65 

99 32 

1,318 00 

26 3 

501 

+39 72 

0 222 


90 

028 

6 44 

0120 

68 54 

10918 

1,461 82 

29 8 

48 9 

+54 82 



94 

012 

2 54 

15 20 

8 67 

6 29 

152 33 

317 

48 0 

+12 72 



94 

0 

0 

15 20 

16 27 

12 29 

232 73 

48 

48 6 

+15 26 



65 

0 

0 

15 20 

8 67 

6 29 

152 33 

317 

48 8 

+15 26 



82 

0 

0 

19 74 

2617 

29 95 

45319 

93 

48 0 

+19 74 



68 










(Plasma) 



0 

0 

20 30 

4186 

49 93 

722 01 

14 7 

49 0 

+26 30 

0162 


70 

0 

0 

39 20 

6311 

6511 

865 23 

17 7 

48 8 

+39 20 

0 305 


92 

0 

0 

39 20 

63 11 

6511 

865 23 

177 

48 6 

+39 2 



94 

0 80 0 86 

18 92 

37 48 

65 68 

7413 

1,079 81 

212 

50 9 

+18 56 

0 316 


104 

0 77 

22 33 

15 20 

8 09 

0 29 

152 33 

3 05 

49 9 

—7 06 



72 

0 20 

48 

15 20 

1123 

20 43 

243 83 

5 01 

48 6 

+10 46 



80 

1 

0 

0 

0 

0 

0 

0 

0 

48 6 

0 



84 

0 

0 

0 

0 

0 

0 

0 

48 3 

0 


1 

84 

0 

0 

13 59 

22 03 

27 43 

39143 

81 

48 3 

+13 59 



90 

0 

0 

28 01 

63 10 

70 03 

95711 

19 6 

48 6 

+28 61 



70 

0 

0 

35 37 

60 70 

120 79 

l,m 39 

30 5 

48 3 

+35 37 

0 207 


92 
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ous times glycosuria de\ eloped As shown in the first section of the 
. chart the tolerance was reached on 53 gm of carbohydrate The 
second section shows glycosuria occurring on 70 gm of carbohydrate 
Section 3 is of little importance because of the short period On dis- 
contmumg the bicarbonate, unrestricted chlorids were allowed (Sec- 
tion 4) Glycosuria now occurred, first on 55, and later on 49 gm 
of carbohydrate This is the only case in the bicarbonate group show- 
ing an increased tolerance Here, as m the former case, the tolerance 
\aried with an increase of weight and the development of edema At 
that time the reaction of the blood was normal and the glycosuria was 



not considered to be the result of the withdrawal of sodium bicar- 
bonate 

As shown in Sections 1, 2 and 3, there was a total of 742 gm of 
chlorids excreted and 72 5 intake, gi\ ing a loss of 1 79 gm During 
this time the fluid intake and output balanced remarkably As shown 
in Section 2, during the greatest gam in weight, there were 40 45 gm 
of salt taken in the diet and 10 65 gm excreted, showing a retention 
of 29 80 gm At this time the fluid intake was 19,743 c c and the 
excretion, 16,420 c c — a low retention of 3,323 c c (475 c c per day) 
During the time shown in Section 4 the chlorids were unrestricted and 
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V 


the highest daily intake was 18 gm The total chlonds ingested were 
20177 gni and the total excreted were 154 3 gm , giving a retention 
Qf 4747 gm At this time 32,040 cc of fluid were ingested and 
31,015 c c excreted with a retention of 1,025 c c It will be noted 
that, although the patient retained chlonds, she continued to lose 
weight, and edema gradually disappeared The loss in weight cannot 
be accounted for in the fluid balance The fluid retention is over- 
balanced by loss from lungs and skin 

As shoun in Section 1, she was able to maintain her weight, 
although a low caloric diet was given In the second period, a period 
of high caloric intake, she gained markedly in weight In Section 4 
It IS shown that with the coloric intake per kilogram of body weight 
slightly decreased, she lost u eight rapidly 

DISCUSSION 

It IS of interest to note the age of the patient developing edema 
Edema occurred in the young individuals If the edema had been due 
to kidney irritation we could have imagined the older individuals more 
readily showing an increase of weight Cases 1 and 2, patients with- 
out edema, were aged 63 and 50 years, respectively In the series of 
twenty-five cases only two patients showed kidney impairment by the 
usual studies available, and, although allowed unrestricted chlonds, 
they did not show any edema The three patients in whom edema 
appeared were between 18 and 36 years, and had had the disease fioni 
one to two years There were other patients showing no edema who 
had had the disease only a few months, with a constant loss in weight 
This IS true in children, of rvhich there were five, varying between 
5 and 14 years 

This report would have been of greater value if the patients could 
hare been studied in the calorimeter, nevertheless, there are a few 
interesting results to be mentioned The relation between glycosuria 
and retention of fluids is not constant Only Case 4 showed any 
marked retention of fluid The apparent slight retention in the other 
cases could be accounted for by loss of fluid through the other routes 
available None of the patients developed diarrhea, but the skin and 
respiratory loss could not be recorded In Case 3 glycosuria developed 
during the penod of edema and gain in weight In Cases 4 and 5 
glycosuria did occur, but appeared only as the tolerance was reached 
The charts do not show any consistent retention of carbohydrate due 
to the retention of fluids During the period of loss of weight, it 
might have been expected that glycosuria would occur as the patient 
lost edema Glycosuria did occur, but in each case the tolerance had 
been reached 
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TABLE 5 — Data — • 


Date 

1917 

Fluid 
Intalve 
m C c 

Amt 
Urine 
m C c , 
12 Hr 

Sp 

Gr 

Eeac 

tion 

Acid 

AJbu 

niin 

Sedl 

meut 

MHj 

Gui 

Van 

SlykJ 

P H 

CO: 

Tension 

in 

Mm Hg 

Sod 

Bic, 

Gm 

A 

D 

March 






















Trip 






27 


700 


Aik 

+ + 

-1-i- 

+ 

Phos 














Trip 






2S-29 


1,600 


Aik 

+ + 

++ 

Tr 

Phos 




35 81 


29 so 

2,385 

1,800 

1012 

Aik 

-l-l- 

++ 

Tr 

0 


34 77 

7 40 

35 06 

93 

30 31 

2,359 

2,170 

1010 

Aik 

++ 

++ 

Tr 

0 




35 06 

93 

31-1 

2,069 

2,870 

1007 

Aik 

+ 

0 

Tr 

0 





10 0 

April 













/ 

12 

2,700 

3,150 

1006 

Aik 

0 

0 

0 

0 





93 

23 

2,860 

3,400 

1008 

Aik 

0 

0 

0 

0 




37 30 

10 0 

34 

2,310 

2,700 


Aik 

0 

0 

0 

0 


40 30 


35 06 

10 0 

4 5 

3,325 

3,250 

1005 

Aik 

0 

0 

0 

0 




30 59 

10 0 

56 

2,410 

3,500 

1009 

Aik 

0 

0 

0 

0 


42 57 



10 0 

67 

3,210 

3,720 


Aik 

0 

0 

0 

0 





10 0 

78 

2,660 

2,020 

1 006 

Aik 

0 

0 

0 

0 





10 0 

89 

3,520 

2,240 

1009 

Aik 

0 

0 

0 

0 





10 0 

9 10 

2,143 

2,200 


Aik 

Tr 

Tr 

0 

0 


49 05 


39 54 

23 3 

10 11 

3,095 

2,000 

1014 

Aik 

Tr 

Tr 

0 

0 




41 78 

27 0 

11 12 

2,920 

2,240 

1010 

Aik 


0 

0 

0 




4178 

27 0 

1213 

3,420 

2,600 

1011 

Aik 


0 

0 

0 


43 05 

750 

4210 

27 0 

13 14 

2,610 

2,400 

1 oil 

Aik 

F T 

0 

0 

0 




50 00 

27 0 

14 13 

3,095 

2,300 

1 014 

Aik 


0 

0 

0 



44 01 

27 0 

15 16 

2,460 

2,680 

1015 

Aik 


0 

0 

0 




27 0 

1617 

3,045 

2,420 

1012 

Aik 


0 

0 

0 



35 06 

5 3 

17 IS 

2,345 

3,040 


Aik 


0 

0 

0 


39 95 1 

26 86* 

53 

1819 

3,110 

2,300 

1 010 

Aik 

0 

0 

0 

0 


1 

25 36 

0 



3,400 

1 010 

Aik 

0 

0 

0 

0 




35 00 


20 21 

2,730 

3,050 

1007 

Aik 

0 

0 

0 

0 


43 19 

750 

40 28 


21 22 

3,420 

3,075 

lOOS 

Aik 

0 

0 

0 

0 




34 32 


22 

3,180 

3,400 

1008 

Aik 

0 

0 

0 

0 






23 24 

3,400 

4,000 

1005 

Aik 

0 

0 

0 

0 




38 09 


24-25 

3,500 

3,700 

1 006 

Mk 

0 

0 

0 

0 




34 32 


25-26 

3 000 

1,370 

1C04 

-Mk 

0 

0 

0 

0 




39 54 


26-27 

3,700 

3,020 

1000 

Aik 

0 

0 

0 

0 






27 28 

3,740 

3,400 

1 005 

Acid 

0 

0 

0 

0 

0884 

41 20 


40 28 


2S29 

3,510 

2,000 

1 005 

Aik 

0 

0 

0 

0 




35 32 

- 


PSP First hour 34% 
Second hour 12% 

4(1% 

* Two determinations made 
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— IN Case 5 


Sugar 

Excret 

% 

Keduct 

Total 
Sugar 
Exc , 
Gm 

C H 
Intake, 
Gm 

Protein 

Intake, 

Gm 

Pat 

Intake, 

Gm 

Caloric 

Intake 

Calories 
per Kg 
Body 
Weight 

Weight, 

Kg 

C H 

Bal 

Blood 

Sugar, 

% 

Blood 

Pres- 

sure 

Pulse 

4 68 

32 06 

8 00 

10 55 

17 52 

23188 

5 94 

38 8 

—24 06 



85 

360 

57 60 

79 67 

44 75 

46 50 

91618 

24 4 

37 5 

^ +22 07 


1 

85 

0 595 

10 71 

33 74 

19 49 

19 40 

61412 

16 8 

37 9 

23 03 

0 060* 

90/74 

70 

OSGO 

7 81 

25 33 

10 03 

7 75 

21119 

5 5 

382 

17 62 

0 375 


88 

0 

0 

0 

0 

0 

0 

0 

so 

1 

0 

1 


90 

0 

0 

0 

0 

0 

0 

0 

1 

381 

0 



80 

0 

0 

8 96 

15 35 

1310 

215 98 

56 

38 3 1 

1 

8 96 

1 


82 

0 

0 

12 24 

26 41 

26 40 

383 20 

10 0 

383 

12 24 

0180 


74 

0 

0 

29 48 

3788 

42 66 

693 38 

18 2 

381 

29 48 



70 

0 

0 

4314 

i 69 68 

66 02 

1,005 46 

26 3 

38 2 

43 14 

0 310 


73 

—01 

3 72 

S3 50 

66 22 

0711 

1,082 87 

281 

384 

49 78 



78 

0 

0 

2108 

1618 

12 01 

257 13 

67 

38 4 

21 08 



86 

0 

0 ! 

30 47 

45 72 

44 12 

70184 

18 8 

37 3 

80 47 



72 

—01 

2 20 

50 69 

6811 

67 62 

1,086 20 

285 

381 

48 49 

0 320 


78 

0 

0 

50 71 

69 35 

68 76 

i 1,099 08 

28 2 

39 0 

5017 



80 

0 

0 

15 88 

9 47 

944 

186 36 

47 

391 

15 88 1 



74 

0 

0 

30 93 

65 26 

09 84 

1,013 23 

25 5 

39 7 

30 93 

0 245 


70 

0 

0 

64 57 

65 50 

68 90 

1,140 38 

28 0 

40 6 

64 57 



68 

0 096 

2 21 

70 74 

77 31 

78 45 

1,298 28 

319 

40 7 

68 53 



76 

0 

0 

74 98 

78 66 

78 49 

1,320 57 

319 

41 3 

74 98 



76 

S 0 30 












B 0 29 

7 26 

74 98 

78 56 

78 49 

1,320 57 

313 

421 

67 72 



68 

0 

0 

9 65 

9 94 

16 82 

229 34 

56 

40 8 

9 55 

0 273 


74 

0 

0 

36 07 

64 79 

5517 

859 97 

219 

391 

36 07 


82/70 

SO 

Oil 

5 78 

65 12 

63 06 

73 03 

1,129 99 

29 4 

38 4 

49 34 



80 

0 31 

11 28 

60 13 

63 80 

03 59 

1,068 03 

28 3 

37 7 

48 83 

0 224 


78 

0 

0 

608 

14 12 

13 86 

20168 

5 4 

37 3 

5 08 



92 

0 

0 

30 75 

45 44 

45 60 

715 25 

19 4 

36 9 

30 75 



90 

0 

0 

40 13 

46 65 

42 87 

732 95 

19 6 

37 3 

4013 


90/70 

74 

Oil 

4 07 

49 27 

52 73 

53 01 

890 49 

23 6 

37 9 

45 20 



84 

0103 

1 41 

49 60 

63 40 

92 98 

1,288 82 

34 9 

36 9 

48 19 



80 

0 

0 

14 58 

938 

7 02 

104 42 

4 5 

36 5 

14 58 



80 

0 

0 

30 47 

45 72 

44 12 

70184 

19 1 

36 5 

30 47 

0156 


78 

0 

0 

45 53 

67 79 

67 20 

1,057 82 

28 9 

36 6 

45 53 



66 
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TABLE 6 — Uric Acid, Urea N, Creatin AND Diastase in 
THE Cases Tabulated 


Case 1 

♦ 

Case 2 

Date 

Urea N 

Creatin 

Diastase 

Date 

Uric Acid 

Urea N 

Oreatin 

3/14/17 

14 60 

4 20 

25 8 

1/30/17 

36 

17 63 

3 25 

3/19/17 

16 87 

3 35 


2/ 9/17 


13 25 

3 20 

3/23/17 


480 


2/19/1^ 



3 70 

if 3/17 


2 40 

25 8 





4/ 5/17 


4 30 






iin/n 


2 70 

27 3 

i 




i/17/17 


360 






4/20/17 

1 

1113 

185 







Case 3 

Case 4 1 

Case 5 

Date 

Urea N 

Creatin 

: Date 

jurea N 

1 

1 1 

Oreatm 

i 

Bate 

Urea N 

! 

Creatin 

Diastase 

2/ 8/17 

Ills 

5 44 

1/16/17 

10 62 

3 60 

i 

3/29/17 




2/ 9/17 


5 35 

1/22/17 

12 ?5 

3 65 

3/30/17 

11 62 

600 


2/10/17 


600 

1/30/17 


2 05 
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These studies do not allow deduction to be made in regard to 
utilization of carbohydrate during the period of gain in weight It 
would be of interest to determine by calorimeter studies whether there 
was merely carbohydrate retention or better utilization of carbohy- 
drates From the above deductions in relation to glycosuria, it might 
be expected that glycosuria would develop during the loss of weight 
if the carbohydrate had been merely retained The results, however, 
suggest that a better utilization occurred 

Case 3 was not under observation for sufficient time to determine 
whether there was a change in carbohydrate tolerance Cases 4 and 
5 did show a consistent increase of tolerance during the increase of 
weight This was later decreased as the edema was lost We were 
unable to state definitely that the sodium bicarbonate, by changing the 
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acid-base equilibrium, was the responsible cause of this increase 
Case 5 does show an increased carbohydrate tolerance during the 
period of bicarbonate ingestion similar to the results reported by 
Underhill,^'^ but we have Case 4 m contrast, which showed this con- 
dition, although no bicarbonate was given If such had been the case 
we would have expected Case 1 to have shown the same result as well 
as the other cases in this series No edema occurred and the tolerance 
remained stationary on both bicarbonate and chlorid ingestion 

CONCLUSIONS 

1 The large amounts of chlorid that diabetic patients will ingest 
in twenty-four hours is of interest 

2 Increase of weight on unrestricted chlorids is invariably asso- 
ciated with their retention The edema usually disappears following 
the disappearance of glycosuria 

3 Soda bicarbonate administration has no constant influence on 
carbohydrate tolerance m diabetes 

4 Cases 4 and 5 show a variation in carbohydrate tolerance, 
directly in proportion to change in weight, irrespective of whether it 
is due to chlorid or bicarbonate ingestion 

I am greatly indebted to Miss Gertrude Thomas, the hospital dietitian, and 
to Miss Winifred Swift for technical assistance 
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THE EGGLESTON METHOD OF ADMINISTERING 

DIGITALIS 

WITH SOME NOTES ON DIGITALIS LUTEA 
S AIARX WHITE, MD, and R EDWIN MORRIS, MD 

MINNEAPOLIS 

On account of the clinical value of digitalis, the uncertainties in the 
results and untoward effects after administration have long been the 
subject of study, especially with a view toward their control or elim- 
ination The attempts to secure derivatives, particularly of definite 
and uniform activity, are too numerous to discuss here The fact that 
the tincture and the infusion are still more widely used than other 
pieparations shows that the derivatives have not satisfied the demand 
of physicians Our attempt has been to study these two preparations 
in such a mannei as to control results of therapy by graphic methods, 
to learn so far as possible the promptitude with which effects can be 
secured, and the character of such effects 

All digitalis preparations used by us have been standardized accord- 
ing to a modification of the cat method of Hatcher In relation to 
digitalis dosage Eggleston^ defines the “cat unit” of Hatcher as that 
amount of the drug calculated per kilogram of cat which is just suffi- 
cient to kill when slowly and continuously injected into the vein This 
IS expressed in terms of milligrams of the drug, whether it be in the 
pure principle or leaf The method employed by one of us (Morris)^ 
in standardizing the digitalis preparations is a modification of the 
Hatcher method similar to that used by Rowntree and Macht ® Vari- 
ous species of Minnesota digitalis, grown by the Department of Phar- 
macy of the University of Minnesota, were used 

The species Infea attracted particular attention, as the first year 
leaf, grown in Minnesota, ranks in potency with the higher grades of 
Digitalis pinpniea In testing Digitalis liitea on cats, Morris noticed 
the lack of irritation and the quiet lethal period, and suggested the use 
of Digitalis liitea in man with the hope of finding a pieparation causing 
less than the usual so-called “gastro-intestinal” irritation As a result 

* Submitted for publication Jan 2, 1918 

* From the Department of Medicine, University of Minnesota 

* Read before the Section on Pharmacology and Therapeutics at the Sixty- 
Eight Annual Session of the American Medical Association, New York, 
June, 1917 

1 Eggleston Digitalis Dosage, The Archives Int Med , 1915, 16, 1 

2 Morns Journal-Lancet, 1917, 36 

3 Rowntree and Macht Jour Am Med Assn, 1916, 66, 870 
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of this suggestion we have studied the action both of the infusion and 
tincture of Digitalis lutea clinically in the wards of the University 
Hospital The official tincture and infusion of Digitalis purpw ea and 
the corresponding preparations from first-year leaves of Digitalis lutea, 
both prepared by the Department of Pharmacy, University of Minne- 
sota, have been used The drugs have been given by one of three 
methods 

1 The method proposed by Eggleston The strength of the prep- 
aration to be used is determined m “cat units” and from this the dose 
for man is calculated The average amount of tincture administered 
orally required to produce full therapeutic effect (or minor toxic 
action) and given as above outlined, by the Eggleston method, is about 
0146 cc per pound of patient’s body weight (Example Patient 
weighs 130 pounds , this multiplied by 0 146 equals 18 98 cc Since 
the infusion is correspondingly weaker in strength, for the infusion 
give six and two-thirds times this quantity or 126 5 c c ) The amount 
thus determined on is given m four doses within a period of eighteen 
hours by the following formula The first dose is one-half the total 
amount to be given , the second, given six hours later, is one half the 
remainder , and the third and fourth doses, given at six hour intervals, 
are one half the second dose in amount 

2 The method of Eggleston is followed immediately, or after one 
or two days, by what may be called tonic doses of infusion or tincture, 
given three or four times daily over a period of days or even weeks 
These doses are usually 0 6 to 1 c c of the tincture, and 4 to 8 c c of 
the infusion 

3 The tincture or infusion is given m these so-called tonic doses 
without the previous administration of the larger Eggleston doses 

The results of the Eggleston method with or without the later 
administration of digitalis are of such a chaiacter as to warrant report 
In our studies attention is centered on the records obtained with the 
polygraph and electrocardiograph, correlated with records and notes of 
clinical observation 

The value of these methods of study should be outlined The 
polygraph when used m conjunction with the electrocardiograph, as 
in this study, is principally of value in giving a record of rate and 
ihythm of arterial and venous pulsations The character of waves 
recorded by this method is of less value, but even here, since changes 
in the amplitude, sometimes striking m character, are seen, these 
changes in amplitude have some value since all records here shown are 
taken by the same obser\ er with the same instrument ^ 

4 Morns Modifications of the MacKenzie Ink Polygraph, Jour Am Med 
Assn , 1916, 66, 1922 
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The electrocardiograph gives a record with certain features to 
which particular attention is paid at this time Changes in rate and 
rhythm are noted as with the polygraph Conduction time, designated 
P-R (or when a Q-wave is present P-Q) interv^al, is measured princi- 
pally m records taken from right arm to left leg (D II) 

Changes in conductivity in the junctional tissues (bundle of His 
and Its branches) may occur In cases with auricular fibrillation it is 
desirable to depress conductivity, this in all probability being the cause 
of the slowed ventricular rate and remarkable eflfects during effect’ve 
digitalis therapy 

In the normal nonfibnllatmg case, slowing by digitalis is due to 
vagus influences which depress stimulus formation at the sinus node 
In such cases digitalis may also depress conductivity m the junctional 
tissues, through both a direct and a vagus action, and this may be 
shown in two ways 

1 A prolongation of conduction time (P-R or P-Q interval) 
This prolongation may be considerable, as much as 0 25 second, prob- 
ably even more, before actual blocking of impulses is likely to occur 
When a prolongation of conduction time beyond 0 2 second is found 
before administering digitalis, the drug must be used ver}^ cautiously, 
if at all, and then only in the presence of very distinct indications 
When a normal conduction time (less than 0 2 second) before giving 
digitalis, gives way to a prolongation after digitalis, the same caution 
should be observed In both instances the electrocardiogram provides 
the best if not the only eftective means of study and control 

2 Partial or complete block (Aunculoventncular disassociation ) 
If depression in conductivity with increase in conduction time becomes 
too great, slowing because of missed beats, or of an idioventricular 
rhythm, occurs This cannot aid cardiac action, and should be rigidly 
guarded against wherever possible The well known effect of atropin 
in removing a digitalis block is evanescent and requires too much of 
the drug to be a comfortable safeguard 

A still further effect of digitalis on the heart is the production of 
extrasystoles through increase of irritability in the myocardium, par- 
ticularly of the ventricles When this occurs the well known paired 
beats may be seen, each pair due to a contraction of the normal supra- 
ventricular type, followed by a ventricular extrasystole, and this by a 
compensatory pause Extrasystoles often occur before digitalis is 
gi\ en, but when so frequent as to gn e paired beats, a digitalis influence 
IS probable, and when pairing occurs m a case of auricular fibrillation, 
IS certain 

It has been established by many observers that in the electrocardio- 
gram the normal \entricular complex (Q, R, S, and T vaves) remains 
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constant m outline in any healthy person This is true also for indi- 
viduals with diseased hearts in whom the condition of the heart 
remains unchanged Unless alterations occur in the heart, the ventric- 
ular complex for any individual remains unchanged through life So 
true IS this that where repeated tracings from one individual have been 
taken, identification may often be made from an electrocardiogram 

Comparison of the electrocardiograms taken from the same indi- 
vidual when free from digitalis effects and when under the influence of 
digitalis may show changes in conduction time and m outline of the 
complexes, as well as change in the rate and rhythm Lewis'^ says 

The duration of the normal P-R interval as measured in Lead II may vary 
from 0 13 to 0 21 second It usually lies between 0 13 and 0 16 second A P-R 
interval of 0 16 second and accompanying heart rates of 90 and over is probably 
of pathologic duration A P-R interval of 0 20 second and over is probably of 
pathologic duration in all but exceptional instances, whatever the heart rate may 
be which it accompanies 

Referring to the T-wave, Lewis® says 

T IS always an upward variation in Lead II It may show partial inversion 
in Lead I on rare occasions , partial or complete inversion m Lead III is rela- 
tively common, and occurs especially in association with splintering of the curves 
during the opening phases of ventricular systole 

The most valuable and extensive contribution on the modifications 
in the electrocardiogram produced by digitalis is by Cohn, Fraser and 
Jamieson “ They assert that m curves of patients under treatment 
with digitalis, alterations m the T waves of the electrocardiograms 
occurred in a large number (thirty times in thirty-four patients), and 
that the change was detected before alteration in rhythm or conduction 
time had occurred and before symptoms referable to the gastro-mtes- 
tinal tract disturbed the patients (except in five instances) Other 
changes in the ventricular complex were noted They say that an 
alteration in the curve may be taken as evidence that the influence of 
digitalis IS being exerted on the heart, and that changes in the T-waves 
were detected after an equivalent of 1 2 gm or even less of the dried 
leaves of digitalis were given , that is to say, on the third day of admin- 
istration, on several occasions they show the altered forms after thirty- 
six to forty-eight hours 

Clinical observation comprises a study' of features familiar to all 
Eggleston^ describes the principal points in clinical improvement as 
slowing in pulse and respiration rates, the more or less rapid subsidence 
of dyspnea, orthopnea, and persistent cough, and clearing of lung 
bases , m fibrillation, decrease in pulse deficit, the clearing of congested 
liver and splanchnic region with loss of pulsation and tenderness, and 

^ Philosoph Trans, Royal Soc, London, Series B, 1912 202 . 

Cohn, Fraser and Jamieson Jour Exper Med , 1915, 21 , 593 
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diminution in size, the diminution m cyanosis, improvement of cold 
extremities, the disappearance of edema and increase in urinary output 
In cases of auricular fibrillation records are shown of simultaneous 
apical and radial rates, illustrating the so-called pulse deficit and the 
changes in the rate and deficit under digitalis 
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Fig 1 — (Case 1) Polygrams, Feb 29, 1916, from right radial (R R) right 
jugular (R J) and right Carotid (R C) Radial pulse almost imperceptible but 
shows expiratory filling and expiratorj' collapse Carotid shows large, and 
jugular, enormous, waves, total arrhythmia March 1, March 2 and March 3, 
1916, show successive increase in radial, and decrease in jugular pulse waves, 
with distinct effect within twenty-four hours 

REPORT or CASES 

Case 1 — E M , woman, aged 32 (Hosp No 8143), was admitted Feb 28, 1916 
Clinical diagnoses (1) chronic valvular disease of heart and mitral regurgi- 
tation, (2) chronic mj'ocardial degeneration with decompensation, (3) auricular 
fibrillation, (4) passive congestion of viscera, (5) ascites and anasarca 

Weight not determined on admission, a verj small w'oman estimated to w'eigh 
about 120 pounds, w'lth tremendous amounts of fluid in tissues and peritoneum 
Digitalis w’as given as follow's 
Feb 29, 1916 Infusion digitalis 45 cc 
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Alarch 1, 1916 Infusion digitalis 15 c c (total 60 c c in eighteen hours , one- 
half Eggleston dosage given because of fluid) 

March 2, 1916 Infusion digitalis 75 cc 

March 3, 1916 Infusion digitalis 15 cc (total 90 cc in eighteen hours, 
three-fourths Eggleston dosage, following half Eggleston dosage of preceding 

two days) 
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Fig 2 — (Case 1) Feb 29, 1916, auricular fibrillation, pulse rate 170, total 
arrhythmia T-wave positive in D I and D II, slightly inverted in D III, but 
vanes m outline probably because of the deflections of galvanometer string due 
to the auricular fibrillation 


Then 45 c c infusion were given daily except for short periods following 
toxic symptoms 

Polygrams Feb 29, 1916, March 1, 1916, March 2, 1916, and March 3, 1916 
(Fig 1), show total arrhythmia (auricular fibrillation) and marked improvement 
in radial pulse, with lessening of excessive pulsation in jugulars and carotids 
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Feb 29, 1916 Electrocardiogram (Fig 2) (before digitalis was given) 
T positive in D I and D II, inverted in D III Pulse rate average 170 Auricular 
fibrillation 

March 1, 1916 Electrocardiogram (Fig 3) T positive m D I and iriverted 
in D II and III Pulse rate 155 (General condition considerably improved ) 
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Fig 3 — (Case 1 ) March 1, 1916, auricular fibrillation continues, pulse rate 
155 T-wave positive in D I and inverted in D II and D III 


March 2, 1916 Electrocardiogram (Fig 4) Tracings similar to March 1, 
1916 Pulse rate average, 130 (Patient shows marked improvement clinically) 
March 8, 1916 Electrocardiogram (Fig 5) T shows distinct inversion in 
D I, D II and D III Pulse rate average 90 

In tins case, one of auricular fibrillation with alarming decompensa- 
tion, the digitalis effect was very apparent m less than twenty-four 
hours, and within forty-eight hours after beginning the drug, the 
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patient was feeling so much better that she wanted to get up and about 
The change in the T-wave is only moderate in degree and develops 
rather slowly, although it is apparent within twenty-four hours after 
beginning digitalis therapy The reduction in pulse rate, probably 
through blocking the less effective impulses through the bundle of His, 
IS striking 


Fig 4 — (Case 1 ) March 2, 1916, tracing shows puls,e irregular, rate averag- 
ing 130, with T-wave showing little if any change from previous day 

An intercurrent erysipelas of the thigh developed March 12, sub- 
siding within ten days 

Later, after prolonged rest and digitalis therapy, the patient devel- 
oped regular pulse with P-waves shown in electrocardiograms This 
occurred after at least six months of auricular fibrillation Later, the 
patient developed pericarditis and died Oct 14, 1916, seven and one- 
half months after this study 
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Necropsy diagnoses 1 Advanced chronic and acute serofibrino 
hemorrhagic pericarditis 2 Acute myocarditis (myomalacia cordis) 
3 Dilatation of heart 4 Chronic passive congestion of liver, spleen 
and kidneys 5 Mild acute parenchymatous nephritis 
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Fig 5 — (Case 1 ) March 8, 1917, marked slowing, rate 90, irregular, with 
the small deflections and auricular fibrillation T-wave inverted in D I, D II 
and D III 

Case 2 — F, man, aged 30 (Hosp No 8669) 

Clinical diagnoses (1) mitral and aortic insufficiency, (2) exophthalmic 
goiter, (3) auricular fibrillation, (4) chronic amygdalitis, (5) alveolar 
abscesses, pyorrhea aheolans 
Digitalis was given as follows 

May 10, 1916 Infusion digitalis 142 5 cc (4% ounces) 

May 11, 1916 Infusion digitalis 52 5 cc (1% ounces) 

(The foregoing constituting for this patient the calculated “Eggleston 
dosage”) 
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May IS, 1916 Infusion digitalis 1875 cc { 6 % ounces) , "Eggleston dosage” 
May 31, 1916 Infusion digitalis 60 c c (2 ounces) 

Tune 1, 1916 Infusion digitalis 60 c c (2 ounces) 

May 10, 1916, and May 11, 1916 (Fig 6), four polygrams showing marked 
improvOTent m rate and character of pulse, May 10 shows rate 163 per minute , 
Mav 11 shows rate 98 per minute, total arrhythmia, due to auricular fibrillation 
May 14 1916, May 15. 1916, and May 16, 1916 (Fig 7), five polygrams show 
total arrhythmia The two lower tracings, which are continuous, show onset and 
offset of a period of “paired” beats which developed next day, May 16, 1916, 

after the second Eggleston dose , cu ii «. T' 

Mav 17, 1916 Electrocardiogram (Fig 8) Auricular fibrillation -t " 
electric in D I, negative 1 mm in D II Paired beats, each pair consisting of 
a normal supraventricular type of complex followed by a ventricular extrasystole 




Fig 6 — (Case 2) Polygrams, May 10, 1916. right jugular (R J) and right 
radial (R R), apex and left radial (L R), and right jugular (R j) and left 
radial (L R) show small radial and large jugular pulsations Rate 163 , total 
arrhythmia, due to auricular fibrillation May 11, 1916, shows marked lessening 
of jugular and increase m radial pulse wave, with development of pulsus celer 
type of wave Total arrhythmia, rate 98 


June 21, 1916 Electrocardiogram (Fig 9) (No digitalis for twenty days ) 
Auricular fibrillation Rate increased to 120 per minute T positive in D I and 
D II, slightly negative, then positive in D III 

July 12, 1916 Electrocardiogram (Fig 10) (no digitalis for forty-one days) 
Auricular fibrillation, ventricular rate 153 per minute, T a distinct positive wave 
in D I, D II and D III 

In this patient, the pulse rate showed a deficit, between apical and 
radial, var 3 ung from 8 beats to 36 per minute May 15, after the 
second Eggleston dosage, the apical rate, which had been between 118 
and 140, dropped to 104 within twehe hours and remained at or below 
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this point for thirty-six hours longer, gradually i ising again to a maxi- 
mum of 154 on May 19 Marked clinical lmpro^ement with increase 
of urinary output while on a constant diet and fluid intake accompanied 
the slowing of rate, as shown by totals of twenty-four hour urines as 
follows 

May 12, 250 c c , May 13, 250 c c , May 14, 300 c c , May 15, 550 c c , Alar 16, 
425 c c , May 17, 400 c c , May 18, 325 c c , May 19, 200 c c 
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Fig 7 — (Case 2) Polygrams, May 14, 1916, show total arrhythmia, rate 
114 (Apex and left radial, and right jugular and left radial ) May 15, 1916, 
shows same arrhythmia, rate 100 per minute May 16, 1916, the two lower 
tracings, which are continuous, show the onset and offset of a short period of 
paired beats, every second (smaller) beat an extras} stole The fundamental 
arrhythmia is apparent even during this period 


There is not only marked and prompt improvement in this case, 
with the reduction in pulse rate and changes in T-wave within twenty- 
four hours, but after the second Eggleston dose, following the first 
by only four days, the appearance of extrasystoles shows the irritant 
action of digitalis on the ventricles, indicating overdosage This lasted 
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five days, then disappeared Fortunately there seemed to be no inter- 
ference with the patient’s clinical improvement A digitalis effect is 
shown twenty days after the last dose 

The patient refused to take even ordinary precautions after leaving 
hospital and died suddenly at home about three months later 

Case 3— Mrs J P, aged 4S (Hosp No 10034), was admitted Nov 17, 1916, 
discharged Jan 17, 1917 

Clinical diagnoses (1) chronic myocarditis with auricular fibrillation, (2) 
aortic and mitral insufficiency, (3) edema of lungs, (4) anasarca, (5) chronic 
amygdalitis 



Fig 8 — (Case 2) Auricular fibrillation T is iso-electric in D I, inverted 
m D II (two lower strips) Paired beats, due to regularly recurring ventricular 
extrasystoles 

Weight, 135 pounds The patient was given infusion Digiiahs lutea Nov 18 
1916, and Nov 19, 1916, 130 c c , "Eggleston dosage ” 

Nov 18, 1916 Electrocardiogram (Fig 11) Auricular fibrillation T shows 
slight inversion in D I , slight inversion and then positive m D II , slightly posi- 
tive in D III, pulse rate 96 

Nov 20, 1916 Electrocardiogram (Fig 12) Auricular fibrillation Inver- 
sion T-wave in D I and D II , pulse rate 70 

Nov 21, 1916 Electrocardiogram (Fig 13) Auricular fibrillation T-wave 
shows still greater inversion , pairing of beats, shown only in D III , pulse rate 55 
Nov 24, 1916 Pulse rate 55. and by Dec 19, 1916, the pulse rate was back 
to 95, at which time the electrocardiographic tracing shows ventricular complex; 
free from digitalis influence, with T upright 
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Within the twenty-four hours following the first dose of Digitahs 
Intea, a tremendous output of urine began, 2,700 c c (900 c c intake) 
with 1,800 c c output (600 c c intake) the next day, the output 
remaining more than the intake for eight days, while after this time 
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Fig 9 — (Case 2) (No digitalis for fourteen days) shows fibrillation of 
auricles, with increase in rate of ventricles, and disappearance of paired beats, 
■with change in T-waie toward the digitalis-free type (See Fig 10) 


the intake constantly exceeded output Clinical improvement was 
marked, and began within twenty-four hours after beginning the drug 
That this patient had had some digitalis before entering the hospital 
cannot be excluded It is suggested by the rate 96, and by model ate 
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inversion of T-wave before beginning the drug It was not enough, 
however, and distinct improvement followed effective administration 
Increased irritability of ventricle, as shown by paired beats (D III, 
Fig 13), showed not until nearly forty-eight hours after suspending 
the drug There was no apparent ill effect from it. 
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Fig 10 — (Case 2) (No digitalis for forty-one days) Ventricular rate 
has increased again almost to the figures before digitalis was used (Compare 
first tracing m Fig 6 polygram ) T-wave again distinctly upright, though modi- 
fied frequently by deflections caused by auricular fibrillation 

Case 4 — Mrs A R, aged 39 (Hosp No 10881), was admitted March 20, 
1917, discharged May 22, 1917 

Clinical diagnoses (1) goiter, (2) chronic valvular disease of heart with 
mitral insufficiency, and decompensation, (3) auricular fibrillation, (4) passive 
congestion of -viscera, (5) ascites and anasarca, (6) chronic amygdalitis 

Weight 96 pounds The patient received tincture Digitalis lutea 14 cc in 
eighteen hours (“Eggleston dosage") March 24, 1917, and March 25, 1917 
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The electrocardiogram shows auricular fibrillation with inversion 
of T-wave and slowing of rate from 130, March 24, 1917, to 80, March 
26, 1917 

The chart (Fig 14) shows reduction of pulse deficit, with marked 
reduction of rate as taken at the apex, but little change in rate as taken 
at the radial The apical rate is permanently below its former level 
within sixteen hours after the first dose 



Fig 11— (Case 3) Auricular fibrillation, pulse rate 96, with inversion of 
first portion of T-wave in D I and D II, suggests some digitalis effect Note 
increasing inversion after Eggleston method (see Fig 12) 

A chart (Fig 15), giving intake and output of fluids with a study 
of sodium eWorld output in urine and stools while on a diet with 
known constant salt intake and a daily purgative dose of Epsom salts, 
shows marked increase in fluid and sodium eWorld output immediately 
following the drug We are indebted to Dr Floyd E Grave, in charge 
of the chemical laboratory. Department of Medicine, for this study 
The patient showed marked clinical improvement 
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Case 5— Mrs L M, aged 49 (Hosp No 10904), was admitted March 24, 
1917, discharged May 19, 1917 

Clinical diagnoses (1) chronic valvular disease of heart with mitral insuffi- 
ciency, (2) myocardial degeneration with auricular fibrillation, (3) hypertrophy 
and' dilatation of heart, (4) chronic passive congestion of viscera, (5) infarct 
of lung, (6) ascites, (7) chronic amygdalitis, (8) dental caries 

The patient received infusion Dxgtiahs lutea, 60 c c March 24, 1917 (three- 
fourths Eggleston dosage) 




Fig 12 — (Case 3 ) Fibrillation continues, pulse rate 70, slower within thirty- 
six hours, and T-wave shows marked inversion in D I and D II 

Electrocardiographic tracings show inversion of T-wave in twenty- 
four hours after administration of digitalis 

Pulse chart (Fig 16) shows striking reduction of pulse deficit and 
slowing of both apical and radial rates within eighteen hours after 
beginning digitalis There was some amelioration of symptoms but no 
decided clinical improvement at first 

Fluid charts could not be made because of a pronounced psychosis 
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Karell diet, complete rest, and digitalis in “tonic” doses, gradually 
brought about improvement, and at the time of leaving the hospital no 
evidences of decompensation could be found 

Case 6 — G D M , man, aged SS 

Clinical diagnoses (1) simple goiter (large) , (2) mitral insufficiency (mild 
grade) , (3) myocarditis (moderate grade) , (4) paroxysmal auricular flutter 




Fig 13 — (Case 3 ) Pulse rate SS Auricular fibrillation of very coarse type 
T shows marked inversion In D III frequent ventricular extrasystoles cause 
paired beats 

For about eight months the patient had occasional attacks of “palpitation” 
of the heart, coming on usually after dinner in the evening, but occasionally after 
overexertion There was no precordial pain During the attack he became 
somewhat dyspneic and the attacks lasted from a few minutes to one-half hour 

Digitalis was taken as follows infusion digitalis, ISO cc in twenty-four 
hours (Eggleston method) beginning Sept 19, 1916, followed by same infusion 
90 c c daily until Sept 23, 1916 

Sept 14, 1916 Electrocardiogram (had no digitalis) Tracing taken during 
attack of auricular flutter Auricular rate 324 per minute, ventricular rate 162 
per minute 
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Fig 14 — (Case 4) Pulse chart showing rates taken at heart apex (upper 
lines joining circles) and at radial (lower lines joining dots) The deficit 
decreases by reduction in apical rate The radial rate remains stationary and 
if this alone were studied false conclusions regarding digitalis effect on heart 
rate would be drawn 
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Sept 19, 1916 Electrocardiogram (before beginning digitalis) P-Q interval 
0 15 second in D II Positive in all derivations 

Sept 21, 1916 Electrocardiogram (took infusion digitalis 150 cc Sept 19 
and 20) P-Q interval 0 16 second in D II Definite flattening of T-waves m 
all derivations 

The patient appeared at the clinic Sept 23, 1916, during a paroxysm, undoubt- 
edly of auricular flutter The pulse rate was 160 and perfectly regular as felt 
at the wrist He was taken to electrocardiographic station, but by the time the 
apparatus was adjusted the rapid, regular rate had disappeared and been replaced 
by absolute arrhythmia A polygram taken at 9 45 a m shows absolute 
arrhythmia, rate 110 per minute A polygram taken at 9 55 a m shows rate 
130, perfectly regular A good jugular tracing could not be obtained A tracing 
taken Sept 25, 1916, two daj's later, shows regular rhythm, with good jugular 
waves (notmal condition) 
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Fig 15 — (Case 4) Showing intake of fluids and output of sodium chlorid 
in urine and stools March 24 and 25, the amount of fluid in stools was not 
accurately measured, but there was no radical error as shown by the amounts 
of sodium chlorid recovered (Middle chart ) 


Sept 23, 1916 Electrocardiogram, taken at 9 40-41-42 a m , presenting 
auricular fibrillation during subsidence of flutter, shows a rate of 110 with 
absolute arrhythmia In D I, T is much flattened, T-wave inverted in D II 
and D III 

Sept 23, 1916 Electrocardiogram taken at 9 50-51-52 a m shows a normal 
sequence of auricular and ventricular complexes ten minutes after Figure 21 was 
taken T is flattened in D I inverted in D II and D III , P-Q interval 0 16 
second in D II, one extrasystole shown m D I 

Sept 25, 1916 Electrocardiogram (still taking digitalis in “tonic” doses) 
T IS inverted during first portion then slightly positiv^e in D I, more marked 
inversion of T than formerly in D II and D III 

This patient had considerable nausea after ten da5'-s on infusion of 
digitalis He was later gn en Digitalis Intca in larger doses than for- 
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merly', with no nausea The use of digitalis lessened the frequency 
and shortened the duration of the paroxysms Later, after thyroid- 
ectomy, the paroxysms remained absent for six months and the patient 
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Fig 16 — (Case 5) Pulse chart showing decrease in rate and deficit, with 
prompt digitalis effect in eighteen hours In this case the deficit, early, some- 
times decreased in part by improvement in character of radial pulse 

was able to do full work This case is reported in greater detail and 

with tracings in a shoit paper by us on “Paroxysmal Auricular 
Flutter” 7 

7— John M, man, aged 32 (Hosp No 8256), was admitted March 16, 
1916, discharged June 15, 1916 

Clinical diagnoses (1) exophthalmic goiter, a case of moderate severit}^ with 
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enlarged thyroid, (2) nervousness, tremor, weakness, exophthalmos, tachycardia 
with regular pulse, and a blowing systolic murmur (probably functional) over 
the mitral area 

Weight 165 pounds The patient was given infusion digitalis May 2, 1916, 
165 cc (Eggleston dosage), followed by 90 cc May 3 

May 2, 1916 Electrocardiogram before digitalis was given The pulse rate 
was 135 per minute while at heart station, when quiet in bed the chart shows 
100 to 105 T positive in D I, D II and D III 

May 5, 1916 Electrocardiogram T inverted, then slightly positive m D I, 
inverted and slightly positive in D II, inverted D III 

May 9, 1916 Electrocardiogram T inverted and positive m D I, inverted, 
then slightly positive in D II, inverted in D III 

The pulse rate slowed from 100 and 105 before digitalis to 90 and 
95 after digitalis and remained so for two weeks, then returned to 105 
and 110 per minute, coincident with return of the T-wave ^o its normal 
upright form The principal evidence of digitalis effect in this case 
IS in the moderate slowing of pulse rate and in the change in T-wave 
This effect is apparent at least six days after withdrawing the drug 
No change in conduction time is found 


RttArcT /9 /c F 10^*^ jX 







Fig 17 — (Case 10) Polygrams May 19, 1916 (before digitalis was given) 
Impossible to get good radial or jugular tracings, pulse barely perceptible with 
finger Shows period of hyperpnea, and of apnea, respectively, in Cheyne-Stokes 
breathing (Compare with Fig 18) 


Case 8 — Mrs A L, aged 26 (Hosp No 9861) 

Clinical diagnoses (1) retroversion of uterus, (2) enlarged thyroid, 
(3) pyorrhea alveolaris 

Weight, 110 pounds The patient received infusion Digitalis lutea, 108 cc 
(Eggleston method) Nov 5, 1916, then 3 cc daily (min 45) Nov 7, 1916, to 
Nov 27, 1916 

Nov 4, 1916 Electrocardiogram T inverted, then 15 mm positive in D I, 
inverted, then slightly positive in D II , inverted, then slightly positive in D III 
Normal P-R interval 

Nov 10, 1916 Electrocardiogram T distinctly flattened m D I and D II, 
inverted in D III 

Nov 25, 1916 Electrocardiogram T inverted 1 mm , then slightly positive 
in D I , inverted 2 55 mm in D II , inverted 1 55 mm in D III Normal P-R 
interval 

Nov 29, 1916 Electrocardiogram resembles that of Nov 25, 1916 

The pulse rate before giving digitalis showed a maximum of 120, 
minimum of 78, average for three days, 88 An intercurrent diarrhea, 
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November 6, with severe abdominal pain and temperature 99 4 for a 
few hours, was accompanied by pulse rate of 96 to 106, then the rate 
gradually dropped to 72, November 11, and a minimum of 68, Novem- 
ber 19, but was always subject to rise on slight provocation 





Fig 18 — (Case 10) Polygrams May 20, 1916 (compare with Fig 17), show 
marked improYcment in character of radial pulse (which is regular) within 
twenty-four hours after beginning digitalis May 21, 1916, shows greater 
improvement, and lowest tracing. May 22, 1916, shows auricular waves clearly 

A distinct sinus arrhythmia was noted in this patient The only 
indication for digitalis was the rather high rate The physician refer- 
ring the case suspected hyperthyroidism on this account, but this was 
not confirmed by the staff physician Marked improvement, probably 
due as much to rest as to drug, occurred 

Case 9 — O (Hosp No 10026), was admitted Nov 16, 1916 Died Nov 
30, 1917 

Qimcal diagnoses (1) carcinoma of stomach with metastatic carcinoma 
liver, (2) ascites, (3) pleural effusion, left, (4) dental caries 
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Weight 185 pounds The patient was given infusion Dtgitahs lutea as fol- 
lows Nov 17, 1916, 90 c c and Nov 18, 1916, 90 c c (total 180 c c “Eggleston 
dosage”) Nov 20 to Nov 22, inclusive, the patient was given tincture Dtgitahs 
lutea, 3 c c daily November 23 to November 28, inclusive, the patient was given 
tincture Dtgitahs lutea, 6 c c daily 

Nov 17, 1916 Electrocardiogram T shows a small negative wave in all 
leads P-Q = 0 17 second Pulse rate, average 95 

Nov 18, 1916 Electrocardiogram Slight increase in negativity of T-wave 
P-Q = 0 17 second Pulse rate averages 95 



Fig 19 — (Case 10 ) May 20, 1917 P-R = 025 second T-wave inverted in 
D I and D II, slight inversion in D III Pulse rate 82 

Nov 20 and 21, 1916 Electrocardiogram T shows greater inversion in D I, 
November 20, also in D II, Nov 21, 1916 P-Q = 017 second Pulse rate 
averages 85 

Nov 22, 1916 Electrocardiogram P-Q = 0 18 second More marked inver- 
sion of T-wave Pulse rate averages 72 

In this case, again, it is possible that some digitalis had been taken 
before admission, although no history of this could be obtained An 
increase m negativity of T-wave is shown within eighteen hours after 
beginning the drug, and the pulse rate is slowed No essential change 
in the conduction time occurred though there is possibly slight slowing 
November 22, 1916 
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Case 10 — T J R, man (Hosp No 8725), was admitted May 18, 1916 
Qinical diagnoses (1) syphilis, (2) chronic interstitial nephritis, (3) arte- 
riosclerosis (general) , (4) hypertension (238 systolic, 142 diastolic) , (S) myo- 
cardial insufficiency 

The blood showed urea nitrogen, 91 , creatinin, 9 5 , blood sugar, 0 21 , phenol- 
sulphonephthalein test. May 20, 1916, 27 per cent excreted in two hours 

The patient received digitalis as follows May 19, 1916, infusion digitalis, 
120 c c , May 20, 1916, infusion digitalis, IS c c (total 135 c c = 4^4 ounces. 






May 24, 1917 P-R == 0 25 second Inversion of T-wave 
rate 74 derivations as compared with May 20, 1916 (Fig 19) Pulse 


rfce?!ed°t?nrf?i'^®f ^ 25 to June 5 the patient 

diptahs, minims 30 daily, then none until June 12, when tmc- 

digitah! 8 ^c (mimrSoV®^ 

pul^^^fiS strm (before digitalis was given) shows small 

?trip ;hows perU 0 ^^^ Cheyne-Stokes breathing, second 
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May 20, 21 and 22, 1916 Polygrams (Fig 18) show marked improvement 
in character of pulse wave Auricular waves have become clearly distinguishable 
in jugular pulse May 22, 1916 

(No electrocardiographic tracing secured before digitalis was begun, but 
tracings shown later, July 11, 1916, show less inversion of T-wave than when 
showing digitalis effects, and P-R interval = 021 second ) 

May 20, 1916 Electrocardiogram (Fig 19) P-R interval = 0 25 second 
T inverted in D I and D II Slight inversion in D III Pulse rate 82 

May 24, 1916 Electrocardiogram (Fig 20) P-R = 0 25 second T inverted 
in D I and D II and slightly inverted in D III Pulse rate 74 




Fig 21 — (Case 10) Electrocardiograms July 11, 1916 (no digitalis for 
thirteen days), P-R = 0 21 second T-wave inverted, then positive, in D I (not 
shown) , inverted, then positive in D II and D III (has had no digitalis for 
thirteen days) (compare with Fig 19) Two short polygraphic strips 


June 28, 1916 Electrocardiogram (No digitalis for eight days ) T return- 

ine toward normal outline Pulse rate 65 ^ , , , , . , 

July 11 1916 Electrocardiogram (Fig 21) No digitalis for thirteen days 
P R interval = 0 21 second T inverted, then positive in D I , inverted and then 
nositive in D II T inverted, then positive in D III Polygraphic tracings taken 
Slow Cheyne-Stokes breathing in periods of apnea and hyperpnea, respectively 
Died July 12, 1916 Necropsy refused 

It IS impossible to say in this case that no digitalis had been taken 
before admission It seems probable that there was some digitalri 
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eftect, although no drugs had been taken for two weeks, since the P-R 
interval is prolonged to 0 25 second within eighteen hours after begin- 
ning the drug, and this interval is shorter at a later time, thirteen days 
after suspending We have not seen such a lengthening at such an 
early date in other instances, except where some digitalis effect was 
already present The lengthened P-R interval is the only evidence 
here of lessened conductivity in the bundle of His Partial block did 
not occur At one time. May 24, 1916, increased irritability of ventric- 
ular muscle IS shown by extrasystole 
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Fig 22 — (Case 12) Oct 26, 1916 (before digitalis was given) P-R = 018 
second T slight inversion in D I, iso-clectnc in early portion, then slightly 
positive in D II and D III Extrasystoles frequent Pulse rate 75 

Case 11 — Mrs Sarah M, aged 30 (Hosp No 9870), was admitted Oct. 
27, 1916, discharged Dec 21, 1916 

Diagnoses (1) chronic valvular disease of heart with mitral insufficiency and 
stenosis, (2) hyperthyroidism (slight), (3) pyorrhea alveolaris and dental 
caries, (4) chronic amygdalitis 

Weight, 111 pounds The patient was given infusion Digitalis hitea as 
follows 

Nov 4, 1916, 54 c c , Nov 5, 1916, 54 c c (total 108 c c “Eggleston doses” in 
eighteen hours) , Nov 7 to Nov 17, 1916, tincture digitalis 3 c c daily 

Nov 4, 1916 Electrocardiogram P-R = 0 15 second T 3 mm positive in 
D 1 , 1 mm positive in D II , 2 5 mm negative m D III Pulse rate 80 
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Nov 9, 1916 Electrocardiogram Slight inversion of first portion of T-wave 
m D I and D II Inversion of T wave decreased in D III P-R interval = 0 17 
second Pulse rate 92 

Nov 17, 1916 Electrocardiogram P-R = 02 second T negative, then slight 
positive in D I Nearly iso-electnc and diphasic m D II , iso-electric and slightly 
negative in D III Pulse rate 88 

Nov 25, 1916 Electrocardiogram P-R interval much increased (0 31 second 
in D II) T shows slight inversion in D I , marked inversion in D II and D III 
Pulse rate 90 



Fig 23— (Case 12 ) Nov 28, 1916, thirty-six hours after beginning Eggleston 
doses P-R = 0 2 second T-wave inverted m D I and D II, iso-electric, then 
slight inversion in D III Pulse rate 59 

An occasional temperature rise to 99 4 F and once to 100 F gave 
rise to a suspicion of mild endocardial infection Repeated blood 
cultures showed no growth Average pulse rate was not decreased 
under digitalis, although the area of precordial dulness narrowed about 
1 cm Irregularity of pulse from “missed beats” (?) was noted 
November 17, 1916 The patient was nauseated and vomited once 
November 18 while taking the official tincture {pwpiiiea) 
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Digitalis caused not only a flattening, and later, inversion of 
T-waves, but also a gradual lengthening of P-R interval, this continu- 
ing to increase for at least seven days after suspension of the drug 
No blocking could be demonstrated then or later 

Case 12 — R B A, man, aged 59 (Hosp No 9853), was admitted Oct 25, 
1916, discharged Nov 18, 1916 

Clinical diagnoses (1) chronic diffuse nephritis, (2) arteriosclerosis with 
hypertension (185 systolic, 113 diastolic) , (3) hypertrophy, dilatation and decom- 
pensation of heart, (4) anasarca, (5) pyorrhea alveolaris and dental caries 



^^st Eggleston dose, but 

t tincture on previous day) P-R = 0 24 second T-wave shows 

rate 58 ^ ^ ^ nearly iso-electric and diphasic in D III Pulse 


Weight 185 pounds The patient was given digitalis as follows 

ton eighteen hours (Eggles- 

ton method) , Nov 3 to Nov 18. 1916, tincture digitalis, 3 cc daily ^ 

<;I,p-htfv ,n ^^'^trocardiogram (Fig 22) P-R = 018 second T wave 

D II and D m ' ’ iso-electnc m early portion, then slightly positive m 

u it and D m Extras} stoles frequent Pulse rate 75 
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Oct 28, 1916 Electrocardicgram (F:g 23) P-R = 02 second T-vvave 

inverted m D I and D II, iso-el"ctnc, then slight inversion in D III No extra- 
systoles Pulse rate 59 

Nov 4, 1916 Electrocardiogram (Fig 24) P-R = 024 second T-wave 

shows more inversion m D I and D II , nearly iso-electnc and diphasic in D III 
Pulse rate 58 

Nov 17, 1916 Electrocardiogram (Fig 25) P-R = 0 22 second T-wave 

shows still more inversion m D I and D II, with small positive wave m D III 
Pulse rate 55 
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Fig 25— (Case 12) Nov 17, 1916 (after following Eggleston method with 
Tr digitalis, 3 cc daily for fourteen days) P-R = 022 second T-wave shows 
still more inversion in D I and D II with small positive wave m D III Pulse 
rate 55 

A gradual lessening of rate from a normal rate of 75 to one of 55, 
three weeks later, occurred A gradual lengthening of P-R inteival 
from 0 18 second before digitalis, to 0 24 second ten days after begin- 
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ning the drug, shows a definite depression of conductivity in the junc- 
tional tissues This is evident within thirty-six hours after beginning 
the Eggleston doses, but never reaches a high grade, and lessens some- 
Avhat even when 3 c c of tincture is being given daily (Compare Figs 
24 and 25 ) Block did not occur Typical changes occur in the 
T-wave, evident also within thirty-six hours (Fig 23) and increasing 
during the administration of the small “tonic” doses The curves 
before beginning digitalis (Fig 22) suggest that the drug had been 
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Fig 26 — (Case 13) Dec 29, 1916 P-R = 016 second T is iso-electnc or 
slightly inverted in all derivations Pulse rate 93 


taken recently, and this suggestion is heightened by the presence of 
numerous extrasystoles The extrasystoles disappeared, howevei, 
when the drug was pushed, and other signs of digitalis action appeared 
Throughout this study, this patient improved greatly, and the case 
illustrates the possibility of definite control with avoidance of unde- 
sirable effects when careful and frequent graphic studies are made 


^ (Hosp No 10299), was admitted Dec 26 

1916, discharged Feb 6, 1917 

Clinical diagnoses (1) pleurisy with effusion, left, (2) displacement of heart 
to right, (3) gingivitis 
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Weight 125 pounds The patient was given infusion Digitalis lutea, 120 c c 
in eighteen hours, Dec 31, 1916, and Jan 1, 1917, then tincture Digitalis lutca, 
4 cc daily, Jan 3, 1917, to Jan 8, 1917 

Dec 29, 1916 Electrocardiogram (Fig 26) P-R = 016 second T iso- 
electric or with possibly slight inversion in all derivations Pulse rate 93 
Jan 6, 1917 Electrocardiogram (Fig 27) Partial block, T-wave distinctly 
inverted in D I and D II, no distinct change in D III Pulse rate 62 

Jan 9, 1917 Electrocardiogram (Fig 28) Partial block continues, with 
T-waves showing no change from Jan 6, 1917 (Fig 27) Pulse rate 60 Imme- 
diately after taking this tracing the patient was given atropin sulphate 0 0017 gm 
(See Fig 29 taken twenty-four minutes later ) 




Fig 27 — (Case 13) Jan 6, 1917, partial block T-wave distinctly inverted 
in D I and D II, no distinct change in D III Pulse rate 62 

Jan 9, 1917, 9 47 to 9 49 a m Electrocardiogram (Fig 29) (taken twenty- 
four to twenty-six minutes after atropin sulphate 00017 gm hypodermically) 
p_R = 0 21 second Partial block has disappeared T-wave shows marked inver- 
sion in D I and D II, D III shows first portion of T-wave more strongly posi- 
tive than m previous tracings Pulse rate 123 

The clinical chart shows that this rapid, regular rate gradually disappeared 
and slow rate with partial block reappeared m six hours (Digitalis had been 
continued for two days after appearance of partial block (Jan 6, 1917) through 
an error, as the drug was ordered discontinued at once on recognizing the block ) 
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Tan 11 1917 Electrocardiogram, shows continuance of partial block, aver- 
sion of T-wave, and an occasional ventricular extrasystole, three days after last 

dic^it 3 ,lis 3 .nd. two dsys 3 .ft 6 r usG of 3.tropin /s j u *■ 

Tan 27 1917 Electrocardiogram P-R = 0 14 to 0 17 second, some-v^at 
irregular m length, but no block T-wave still shows some inversion in D I 
and D II D III cannot be distinguished from same derivation before taking 

^ ^Tan 30, 1917 Electrocardiogram P-R = 0 16 second D I, D II and D III 
cannot be ’distinguished from same derivations before taking digitalis 
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Fig 28— (Case 13) Jan 9, 1917, partial block continues T-waves as in 
Figure 27 Pulse rate 60 

After taking the Eggleston doses there was no change in rate ( 104 
to 116 per minute), but after beginning “tonic” doses the pulse gradu- 
ally slowed to a minimum of 84, Jan 5, 1917 Jan 6, 1917 the pulse 
suddenly dropped to 60, with irregularity noted by the nurse (See 
also Fig 27 ) Atropin sulphate Jan 9, 1917 (Fig 29) removed the 
block, but caused no change in T-wave 

There was no discomfort, and no untoward symptom and it was 
not thought necessary to continue atropin A digitalis effect on the 
T-wave is noted nineteen days after discontinuing the drug 

Case 14 — H C, man, aged 53 (Hosp No 9860), was admitted Oct 26, 
1916 , discharged Dec 8, 1916 

Clinical diagnoses (1) chronic myocarditis, (2) paralysis agitans, 
(3) pyorrhea alveolaris 
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Ophthalmoscopic examination showed some sclerosis of the retinal vessels 
Weight 161 pounds The patient was given infusion Digitalis lutea Nov 5, 
1916, and Nov 6, 1916 (160 cc m eighteen hours, “Eggleston dose”) Nov 7, 
1916, to Nov 26, 1916, tincture digitalis 3 c c daily 

Nov 4, 1916 Electrocardiogram (Fig 30) P-R = 0 18 second T 4 5 mm 
positive in D 1 , 4 mm positive m D II , slightly negative, then positive in D III 
Ventricular extrasystole in D III Pulse rate average 96 

Nov 10, 1916 Electrocardiogram (Fig 31) P-Q = 021 second T nega- 
tive, then 1 mm positive m D I, 3 mm negative, then slight positive m D II, 
3 mm negative in D III Pulse rate, average 96 

Nov 25, 1916 Electrocardiogram (Fig 32) Complete block Increased 
negativit}'^ of T-wave in all leads Pulse rate, average 55 
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Fig 29 — (Case 13) Jan 9, 1917 (twenty-four to twenty-six minutes after 
atropin sulphate 0 0017 gm hypodermically) P-R = 0 21 second Partial block 
has disappeared, T-wave marked inversion in D I and D II, first portion more 
strongly positive than m previous tracings in D III Pulse rate 123 

Nov 26, 1916 Electrocardiogram Complete block continues Increasing 
negativity of T-wave Pulse rate, average 55 

Nov 27, 1916 Electrocardiogram Complete block continues, as does nega- 
tivity of T-wave All these phenomena lasted for ten days after suspension of 
digitalis, then disappeared gradually 

Beginning with a normal (0 18 second) P-R interval, gradual 
lengthening of this inter\^al occurred, with finally complete auriculo- 
^ entricular dissociation, as shown in Figure 32, in which in D II the 
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ventricular rate is slightly lower than half the auricular rate, the alter- 
nate P-wave gradually merging in front of the R-wave In D III the 
ventricular rate is slightly faster than half the auricular, the alternate 
P gradually merging into R Inversion of the T-wave after digitalis 
occurs as in other cases 

This is the only case of complete block from digitalis m oui records 
It is of peculiar interest from the fact that the normal P-R interval 





Fig 30 — (Case 14) Nov 4, 1916 (before digitalis) P-R = 018 second 
T-wave positive, and high, m D 1 and D II, slightly negative and then positive 
in D III Pulse rate averages 96 

before giving digitalis gave no hint of impaired conduction through 
the bundle 

At the time of admission of this patient, and before giving Digitalis 
lutea, an occasional extrasystole was noted There was no increase in 
the frequency of extrasystoles, even though the block developed, with 
Its consequent slower rate and greater opportunity for the occurrence 
of ventricular extrasystoles 
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Case IS — U, man, aged 19 (Hosp No 7766) 

Clinical diagnoses (1) chronic valvular disease of heart, mitral and aortic 
insufficiency and decompensation, (2) chronic passive congestion of liver, 
(3) ascites, (4) edema legs, (S) dental caries 

Weight 170 pounds The patient was given tincture digitalis 3 c c daily from 
March 14, 1916, to March 31, 1916, then none until April 19, 1916, when 165 c c 
infusion digitalis, “Eggleston method,” were given in eighteen hours - 

March 8, 1916 Electrocardiogram P-R = 02 second T is a normal upward 
wave in D I, D II and D III 



Fig 31 — (Case 14 ) Nov 10, 1916 (Eggleston dose five days before and 
3 c c tincture digitalis for three days just preceding this date) P-R = 021 second 
T shows marked inversion in all three leads, especially D II Pulse rate 
average 96 

April 12, 1916 Electrocardiogram (has had 3 c c daily tincture digitalis for 
eighteen days, suspended twelve days before tracing taken) P-R = 022 second, 
except where an extrasystole has preceded, when it is 0 01 to 0 02 second longer 
T-waves of normal ventricular complexes like those of March 8, 1916, except for 
moderate flattening in D I Extrasystoles have been occurring before adminis- 
tration of digitalis 
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April 19, 1916 Electrocardiogram (no digitalis for nineteen days) Taken 
during attack of acute tonsillitis with temperature 104 F , with a very rapid and 
regular rate of 146 per minute, P-R — 0 25 second P superposed on T 

April 20, 1916 Electrocardiogram (twenty hours after beginning Eggleston 
dosage) P-R = 024 T-wave shows distinct flattening in D II and D III as 
compared with April 12, 1916 

April 26, 1916 — Electrocardiogram Partial block (This has been occurring 
for three days, having begun three days after the Eggleston doses ) T is a 



Fig 32 — (Case 14) Nov 25, 1916 Complete block Increasing negativity 
of T-wave in all leads Pulse rate average 55 

higher wave, more like that of March 8, 1916, than of April 20, 1916, after 
Eggleston doses 

1916 Electrocardiogram Partial block has disappeared P-R = 
025 second There is a marked return of the form of T-waves toward that 
seen before digitalis Pulse rate 90 Ventricular extrasystoles occur 

In this case, after having taken “tonic” doses of digitalis, an acute 
infection occurred with rapid pulse rate Digitalis in Eggleston doses, 

given at this time, caused, three days later, a partial block which lasted 
four days 
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The characteristic changes in T-waves occurred, and are shown at 
least twenty hours after beginning the drug The occurrence of extra- 
systoles was not due to the drug, but was distinctly lessened while the 
heart was definitely under its influence 

SUMMARY AND CONCLUSIONS 

Our impression is that the Eggleston method is a valuable addition 
m digitalis therapy, that it gives confidence in the use of the drug, and 
that the shorter time necessary for securing digitalis effects should give 
the method wide use 

The method must be used with care to select cases in which these 
effects are desired Cases of acute or chronic infections, with the 
probability of the presence of endocardial infections, should be given 
the method — if at all — only after careful study, because of the possi- 
bility of embolism and, quite as important, in our opinion, the possi- 
bility of associated myocardial changes predisposing to block 

The method requires careful study of the patient before, during, 
and after its administration, and, since it produces powerful and clear- 
cut effect, should be used with extreme care and judgment 

The graphic methods of study show that when given in large 
enough doses, as by the Eggleston method, digitalis effects may be 
secured in from sixteen to twenty-four hours 

The electrocardiogram provides a means of accurate study of these 
effects, showing alterations in the T-wave in all cases studied and also 
alterations — principally an increase — in conduction time in many 
Alterations in outline of the T-wave accompany physiologic effects 
of digitalis, and such alterations may persist for many days after with- 
drawing the drug In Case 13, persistence of altered T wave is shown 
for 19 days, in Case 2, 20 days In Cases 7 , 11, 10 and 2 alteration 
was found for 6, 8, 13, and 14 days, respectively In our other studies 
of digitalis action we find it not uncommon for such alterations to per- 
sist for 10 days to 2 weeks, the T-wave gradually returning to its 
normal outline 

The Eggleston method, in cases of decompensation with auricular 
fibrillation, gives strikingly favorable results Digitalis effects are 
shown in from twelve to twenty-four hours in four of our cases 
(Cases 1, 2, 4 and 5) This is much earlier than results obtained by 
administering digitalis by older methods, and may therefore be respon- 
sible for saving life and is of great clinical significance In one case 
(Case 3) electrocardiographic records were not secured until thirty- 
six hours had elapsed, but a marked effect is shown at this time, and 
in this case a tremendous urinary output began within twenty-four 
hours 
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We have not seen the Eggleston doses result either m extrasystoles 
or in heart block, except m cases giving presumptive evidence of pre- 
vious digitalis administration (Case 3 showed paired beats, Case 10, 
irregularly placed, and Case 15 showed partial heart 
block of short duration ) In one case (Case 12) prolongation of 
conduction time from 0 18 to 0 24 second occurred 

The Eggleston method, with 3 or 4 c c or more of the tmctuie 
daily for several days, has resulted, once in partial and once in com- 
plete heart block (Cases 13 and 14) In several instances there has 
been lengthening of the P-R interval without this becoming so great 
as to cause block In these instances no unfavorable effects were 
noted, and careful watching, with study by graphic methods, has 
allowed control with prevention of the more severe manifestations of 
toxic action 

The number of cases in our series is too small to be conclusive as 
to the tune of occurrence of the various effects of digitalis, but m 
general it appears that in addition to the moderate degree of slowing 
of the pulse rate, due to a vagus effect on the sino-aui icular node, 
three distinct effects of digitalis may be noted 

{a) Inversion of the T-wave, due probably to some effect on con- 
duction through either the finer ramifications of the system of Purkmje 
fibers, or the musculature itself, or both This effect is constant in 
occurrence and accompanies both the desirable and undesirable effects 
of digitalis, increasing in degree with increase in the amount of the 
drug given and persisting for several days, often as much as two 
weeks, and occasionally nearly three weeks, after withdrawal of the 
drug This effect is the first to appear and the last to disappear 

(6) Delay in conduction through the bundle of His The desira- 
bility of this effect varies with the conditions in the heart In auricu- 
lar fibrillation it is probably largely responsible for the brilliant results 
so often secured in decompensation with rapid, irregular heart action 
In this condition digitalis should be given boldly and with confidence, 
and the Eggleston method gives most satisfactory results 

In individuals without auricular fibrillation but with a presumably 
normal conducting tissue, digitalis may be given by the Eggleston 
method apparently without haim, but no such striking improvement 
IS seen as in cases with auncular fibrillation 

In those patients giving evidence of impaired conduction, as shown 
by a P-R interval of 0 2 second or over, digitalis must be given with 
great caution, if at all, and then only m the presence of clear indica- 
tions for the use of the drug Any evidence of partial block contra- 
indicates its use or further administration 

The effect on the conducting tissues appears later and after larger 
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doses than the eftect on the T-wave, except possibly m cases where 
some impairment of the conducting tissues already exists It is piob- 
able that auricular fibrillation causes some impairment of conduction, 
or at least renders the conducting tissues sensitive to digitalis, the great 
frequency of conducted impulses causing a certain degree of exhaus- 
tion of the tissue This impairment may explain in part the prompt, 
favorable effects of the drug in this condition 

(c) Extrasystoles, ventricular m origin, due to increased irrita- 
bility of the heart muscle This effect is undesirable under any cir- 
cumstances and appears usually last of the three noted, except where 
the conducting tissues are presumably healthy and not overworked, in 
which case extrasystoles as a result of digitalis action may occur 
before changes in conduction time are seen 

Digitalis lutea, the Minnesota first-year leaf, produces effects 
apparently identical with those of the official Digitalis piirpui ea, except, 
possibly, so far as nausea and vomiting are concerned We have seen 
these phenomena in man only once after the use of very heavy doses 
of luiea and are encouraged in studying this drug further with the 
hope of finding a preparation with digitalis action that produces less 
of these annoying effects 

We suggest the further trial of Digitalis lutea, and recommend that 
it be standardized on the basis of “cat unit” rather than on the basis 
of content of digitalis leaves In this way a preparation would be 
available with known physiologic effect, and dosage could be calculated 
on the basis of body weight 
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While it IS recognized that the course and outcome in any indi- 
vidual case of lobar pneumonia is probably determined by the ability 
of the body to overcome the disease by the elaboration of substances 
antagonistic to the progress of the infection, it is not definitely known 
what the relative importance of the various immunity principle^' 
involved is, nor what factors serve to tip the balance favorably or 
otherwise in the struggle between antigen and antibody 

It has been known for some time that natural recovery from pneu- 
monia IS attended by the development of certain humoral antibodies 
which appear shortly before or at the time of crisis In 1891 G and 
F Klemperer’- showed that the blood of patients who had recovered 
from the disease might protect rabbits against infection with the pneu- 
mococcus This fact was confirmed by Neufeld and Handel,^ who 
also showed that similar protection might be afforded to mice 
Dochez® showed that the appearance of these protective substances 
coincided rather sharply with the period of critical fall in temperature 
in many instances Besancon and Griffon,'’ Chickermg® ' and others 
have shown that agglutinins appear in the blood of patients ill of and 
convalescent from lobar pneumonia and Clough'’ has noted that, in 
certain instances, serum from convalescent cases possesses the powci 
of inducing in vitro phagocytosis of virulent pneumococci which are 
not phagocytable m normal serum That these humoral antibodies are 
effective only against the homologous type of pneumococcus is now 
well recognized Whether the development of humoral antibodies in 
Itself IS primarily responsible for recovery, or is merely an expression 
of the development of a cellular defensive mechanism, is not known 
It seems highly probable, however, from the studies of Cole'^ and of 
Bull® that humoral immunity is an exceedingly important factor in 
bringing about recovery from the disease 

Submitted for publication Feb 13, 1918 

■’'From the Department of Medicine, University of Minnesota, Minneapolis 
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It IS well established that pneumococcus antigen in the form of 
living pneumococci is present in the blood in a considerable proportion 
of cases of pneumonia, and in general it may be said that pneumococci 
tend to disappear rapidly from the blood in cases that progress to 
recovery, but that they increase and a true pneumococcemia develops 
in cases that terminate fatally, provided there are no serious complica- 
tions that influence the outcome Furthermore, Dochez and Avery® 
have shown that a soluble pneumococcus substance which can be 
detected by means of the precipitin reaction is produced in the body 
during the course of the disease, that it is piesent in demonstrable 
amounts in the blood in a small number of cases unusually severe, and 
that it IS excreted in the urine in a considerable percentage of cases at 
some time dunng the course of the disease and often during conva- 
lescence They have found that the amount of this substance present 
in the urine varies in different individuals and that the presence of a 
large amount is of unfavorable prognostic import Cole’’ has also 
shown that a large amount of soluble substance, presumably of pneu- 
mococcus origin, IS present in empyema fluids and in the blood of 
infected rabbits, which possesses the power of neutralizing pneumo- 
coccus antibodies He considers that the rapid disappearance of pneu- 
mococcus antibodies from the blood of severely infected patients who 
have been treated with antipneumococcus serum is probably associated 
with the presence of such soluble substances in the blood The nature 
of this substance is not definitely established, but it seems probable that 
It IS the same substance which gives rise to precipitins in the blood 
and urine of infected patients demonstrated by Dochez and Avery ® 
With these conceptions as a basis, the following study was under- 
taken with the purpose of determining the antigen-antibody balance, if 
we may speak of it as such, in a senes of cases of lobar pneumonia, in 
order to determine (1) the relation of antigen to antibody, (2) what 
relation the antigen-antibody balance bears to the course, clinical sever- 
ity, and final outcome of the individual case, and (3) whether such 
studies might be of prognostic value in the individual case The cases 
studied have been on the wards of the Elliot Memorial Hospital, Uni- 
versity of Minnesota, and the Minneapolis City Hospital No special 
line of treatment has been followed and no specific serum therapy has 
been used In all, nineteen cases have been completely studied and 
form the basis of this report All cases have been classified with 
respect to the type of pneumococcus causing the infection 

Twelve were due to infection with Type I pneumococcus, all of 
which recovered , 4 with Type II pneumococcus, 3 of which recovered. 


9 Dochez, A R , and Avery, O T Jour Exper Med , 1917, 26, 477 
10 Dochez, A R, and Gillespie, L J Jour Ain Ated Assn, 1913, 61, 727 
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1 died , 2 with Group IV pneumococcus, of which 1 recovei ed, 1 died , 
and 1 was caused by Friedlander’s bacillus with fatal termination 
While It IS realized that the number of cases studied is small, it has 
seemed advisable to report the results so far obtained, the further 
progress of the work having been mteiiupted at present by the war 
The general plan of study has consisted of daily blood cultures 
throughout the course of the disease, daily determination of the con- 
centration of soluble pneumococcus substance, of agglutinins and of 
precipitms in the blood serum throughout the course of the disease 
and at intervals during convalescence, and daily determinations of the 
concentration of soluble pneumococcus substance excreted m the uiine 
throughout the period of observation In determining the concentra- 
tion of soluble pneumococcus substance and of antibodies the dilution 
method, in dilutions of 1 1, 1 2, 1 4, 1 8, etc , with 0 85 per cent 
salt solution as a diluent, has been used The highest dilution in which 
a positive reaction occurred has been taken as a measure of the con- 
centration of the substance sought The term ''soluble antigen” will 
be used hereafter to designate the soluble substance of pneumococcus 
origin found m the blood and excreted in the urine 

METHODS 

The methods were as follows 

Blood Ciiltuies — Blood was collected by venipuncture by the usual technic 
Eight to 10 cc were inoculated into a flask of plain broth and measured 
amounts from 1 c c to S c c were poured in agar plates to determine the num- 
ber of pneumococci per cubic centimeter of blood 

Soluble Antigen in the Blood — ^Detected by the precipitin method Five- 
tenths cc of a 1 10 dilution of the homologous type of antipneumococcus 
serum” was added to 05 cc of increasing dilutions of the patient’s serum in 
a series of small tubes and incubated for two hours at 37 C Final readings 
were made after the tubes had stood in the ice box over night 

Soluble Antigen in the Uune — Detected by the precipitin method A sample 
of urine, collected shortly before the daily bleeding, was rendered clear by 
filtration , 0 5 c c of a 1 10 dilution of the homologous type of antipneumo- 
coccus serum was added to 0 5 cc of increasing dilutions of the urine m a 
series of small tubes and incubated for one hour at 37 C , when final readings 
were made In calculating the amount of soluble antigen in the urine, the 
final calculation was made on the basis of a constant daily excretion of 1,000 
c c of urine, inasmuch as the concentration rather than the actual amount of 
soluble antigen was being measured 

Serum Agglutinins — ^To 09 c c of increasing dilutions of the patient’s serum, 
0 1 c c of an eighteen-hour broth culture of the homologous type of pneumo- 
coccus was added The tubes were incubated for two hours at 37 C and final 
readings were made after the tubes had stood in the ice box over night 
Serum Pi ecipitins —To 05 cc of increasing dilutions of the patient’s serum 
m a senes of small tubes, 0 5 c c of a standard soluble pneumococcus antigen 
was added The tubes were incubated for two hours at 37 C , the final read- 
ings being made after the tubes had stood m the ice box over night 


11 The antipneumococcus serum employed was that prepared at the Hos- 
pital of the Rockefeller Institute for Medical Research, New York 
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EXPERIMENTAL 

The cases studied have fallen into three groups with respect to the 
results obtained (1) clinically mild cases with recovery m which 
blood cultures have been negative and in which no soluble antigen was 
demonstrable in the blood serum or urine during the course of the dis- 
ease, (2) clinically severe cases going on to recovery with positive 
blood cultures early in the course of the disease and excretion of 
considerable amounts of soluble antigen in the unne, but without 
demonstrable soluble antigen in the blood serum, (3) fatal cases with 
positive blood cultures and_ increasing amounts of soluble antigen in 
both blood and urine until time of death These groups will be pre- 
sented separately with typical examples from each group 

Group I — ^The first group consists of eleven cases, of which nine 
were due to infection with Type I pneumococcus, one with Type II 
pneumococcus, and one with Group IV pneumococcus All the cases 
with the exception of the Type II case were clinically mild and all 
recovered Two examples are given 

Case A 16 — E M H No 12533 Type I pneumococcus Entered the 
hospital on the third day of the disease in good condition Course uneventful, 
with recovery by crisis on the sixth day Blood cultures negative No soluble 
antigen present in the blood nor excreted in the urine throughout the period 
of observation Agglutinins for Type I pneumococcus appeared in the blood on 
the fifth day twent 3 -four hours before crisis in a dilution of 1 12, rising to 
1 4 on the sixth and seventh days, 1 8 on the eighth day and 1 16 on the 
twelfth day Precipitins for Type I pneumococcus antigen appeared in the 
blood on the seventh day twenty-four hours after crisis in a dilution of 1 1, 
rose to 1 8 on the eighth day and fell off to 1 4 on the twelfth day (Chart 1) 

Case A 30 — M C H No DS451 Type I pneumococcus Entered the 
hospital on the third day of the disease Clinical condition good Course unevent- 
ful Recovery by lysis from the seventh to the twelfth days Empyema devel- 
oped on the eighteenth day Thoiacentesis Sterile pus withdrawn Recovery 
without operation Blood cultures negative No soluble antigen present in the 
blood or excreted in the urine during the course of the disease On the twenty- 
seventh day small amounts of soluble antigen appeared in the urine for the 
first time and was excreted the next two days when observation of the case 
ended Agglutinins appeared in the blood in a dilution of 1 4 on the seventh 
day when lysis began, rose to 1 16 on the eighth day, 1 32 on the tenth day 
and maintained that level during the remainder of the period of observation 
Precipitins appeared in the blood on the seventh day in a dilution of 1 1 
simultaneously with beginning lysis, rose to 1 8 on the eighth day, 1 32 on 
the tenth and thirteenth days, fell off to 1 16 on the seventeenth day and to 
1 4 on the twenty-eighth daj' at the time when soluble antigen appeared in 
the urine (Chart 2) 

Of the eleven cases m this group nine showed negative blood cul- 
tures throughout, two showed positive blood cultures on one day only, 
in both instances less than one colony per 3 c c of blood None of the 
cases at any time showed soluble pneumococcus antigen in the blood 

12 Soluble antigen vas not determined in this case as no immune serum 
was available 
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and none of the patients excreted soluble antigen in the urine in 
demonstrable amounts during the course of the disease Six patients 
excreted small amounts at some time during convalescence, usually 
from one to two weeks after crisis Five patients did not excrete solu- 
ble antigen in the urine up to the time when observation ended 

Agglutinins for the homologous pneumococcus appeared m the 
blood in all cases, in seven, from twenty-four to forty-eight hours 
before crisis or beginning lysis , in one, coincident with beginning lysis , 
and in two very mild cases with crisis, on the fourth and fifth days, 
respectively, not until twenty-four hours after crisis The concentra- 



Chait 1 — Case A 16 Lobar pneumonia Type I pneumococcus 

tion of agglutinins increased rapidly at the time of recovery and 
remained elevated during convalescence Precipitins appeared in the 
blood in all cases in one, twenty-four hours before the appearance of 
agglutinins, in four at the same time, and in six, from twenty-four to 
forty-eight hours later The precipitin concentration usually rose 
shortly after crisis, but showed a marked tendency to fall rather rap- 
idly to a low level simultaneouly with the appearance of soluble antigen 
m the urine, as shown in Case A 30 (Chart 2) 

Gioup 2 — The second group includes five cases Three were due 
to infection with Type I pneumococcus, two with Type II pneumococ- 
cus All were clinically severe but the patients recovered One exam- 
ple IS given 
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Case A 29 — M C H No DS326 T 3 '-pe I pneumococcus Enteied the hos- 
pital on the third day of the disease Clinical condition serious Recovery by 
lysis from the sixth to eighth days Convalescence uneventful Blood culture 
showed 102 colonies of Type I pneumococcus per cubic centimeter of blood on 
the fourth day Two colonies per cubic centimeter on the fifth day, negative 
on the sixth and seventh days Soluble antigen was excreted in the urine in 
considerable amounts It was detectable in a dilution of 1 8 on the fourth dajs 
rose to 1 20 on the fifth day, fell off to 1 6 on the sixth day coincident with 
beginning lysis, and continued to be excreted in moderate amounts during the 
remainder of the period of observation Soluble antigen was never present in 
detectable amounts in the blood Agglutinins appeared in the blood on the 
sixth day in a dilution of 1 1 coincident with beginning lysis, rose to 1 4 
on the seventh day, 1 16 on the eighth day and fell off to 1 8 on the twelfth 
daj' Precipitins did not appear in the blood at an}" time (Chart 3) 



Chart 2A — Case A 30 Lobar pneumonia Type I pneumococcus 

Of the e cases in this group three showed positive blood cultures 
early in the disease, which became negative as the disease progressed 
Two patients entering the hospital on the fourth and seventh days of 
the disease, respectn ely, showed negative cultures at that time None 
of the cases showed soluble pneumococcus antigen in the blood at any 
time All excreted considerable amounts of soluble antigen in the 
urine throughout the course of the disease, with a decrease in the 
amount shortly before or coincident with recovery All continued to 
exciete moderate amounts throughout convalescence, usually with a 
secondaiy rise in concentration about a week after crisis 

Agglutinins appeared in the blood before or at the time of crisis in 
all cases exactly as in cases of the first group, and rose in concentration 
after crisis, reaching a dilution of 1 8 in thiee instances, 1 16 in two 
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In contrast with cases of the first group, the concentration of agglutin- 
ins tended to dimmish during convalescence Precipitms did not 
appear in the blood m any instance in the cases of this group even dur- 
ing convalescence, a feature in striking contrast with the results 
obtained in the first group 

Qionp 5— -The number of cases in this group is very limited, 
being only three in number, one case due to Type II pneumococcus 
first seen on the sixth day, the patient dying on the seventh , one case 
due to Group IV pneumococcus in which no data on the presence of 
soluble antigen in the blood or urine are available , and one case caused 
by Friedlander’s bacillus, in which the data are complete This case is 



Chart 2B — Case A 30 Lobar pneumonia Type I pneumococcus 

presented as representative of the group because it shows the probable 
course of events in most fatal cases of pneumococcus pneumonia, and 
because, so far as is known, it is the first case of Friedlander’s bacillus 
pneumonia in which studies of this nature have been made The 
immune serum for detei mining the presence of soluble antigen m the 
blood and urine was obtained by the immunization of a rabbit with the 
strain of Friedlander’s bacillus isolated from the patient’s blood 

Case A 24 — M C H No 5044 Fnedlander’s bacillus pneumonia The 
patient entered the hospital on the fifth day of the disease m fairly serious 
condition Progress was steadily downward and death occurred early in the 
morning of the ninth day Blood cultures were negative on the fifth and sixth 
days, showed two colonies of Friedlander’s bacillus per cubic centimeter of 
blood on the seventh day, and seventeen colonies per cubic centimeter on the 
eighth daj’’, eighteen hours before death Soluble antigen appeared in the blood 
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on the sixth day in a dilution of 1 1, rose to 1 2 on the seventh day and to 
1 8 on the eighth day Soluble antigen was excreted in the urine m a dilution 
of 1 2 on the fifth and sixth days and rose on the seventh and eighth days, 
reaching a dilution of 1 8 No agglutinins or precipitms appeared in the 
blood (Chart 4) 

The two other cases of this group showed positive blood cultures, 
the Type II case having 36 pneumococci per cubic centimeter of blood 
on the sixth day, 73 per cubic centimeter on the seventh day shortly 
before death , the Group IV case having a positive culture for the first 
time on the seventh day, sixteen hours before death, with 12 pneumo- 
cocci per cubic centimeter of blood Neither case developed agglutin- 
ins or precipitms The Type II case showed soluble antigen in the 
blood in a dilution of 1 2 on the sixth day, 1 4 on the seventh day 
No urine determinations were made as the patient was incontinent 

DISCUSSION 

Certain interesting facts have developed from the study All 
patients who have consistently failed to excrete detectable amounts of 
soluble pneumococcus antigen in the urine during the course of the 
disease have recovered Whether this will prove a universal rule in all 
cases, provided there is no serious complicating factor, only the study 
of further cases can determine It is significant that in a group of 
eighty-eight cases in which the excretion of soluble antigen in the urine 
was studied by Dochez and Avery® only two patients who showed neg- 
ative urine reactions died, one due to an atypical Group II pneumo- 
coccus, the other to a Type III pneumococcus It will be readily 
understood that this finding cannot apply to cases of pneumonia caused 
by Group IV pneumococci, inasmuch as no antipneumococcus serum 
IS available for making the test in such cases If this rule is found to 
be generally applicable, its great value as a prognostic measure is 
/ evident 

Patients who have failed to excrete soluble antigen in the urine 
during the course of the disease frequently begin to excrete it in small 
amounts at some period during convalescence Also, patients who 
excrete it during the course of the disease, if they recover, usually 
show a secondary rise in the amount excreted at a corresponding time 
This IS apparently coincident with the period of resolution It is sug- 
gested that It IS associated with the liberation of antigen from the 
resolving pneumonic consolidation 

Agglutinins have invariably appeared in the blood of all patients 
who have recovered, usually twenty-four to forty-eight hours before 
crisis The concentration of agglutinins has risen rapidly at the time 
of recovery, remaining elevated during convalescence in the milder 
cases, showing a tendency to fall off in the severer cases On the 
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other hand, fatal cases have failed to develop demonstrable agglutinins 
No apparent relation between the excretion of urinary antigen and the 
development of agglutinins has existed 

All patients who have developed precipitms m the blood have recov- 
ered, but not all that have recovered have developed demonstrable pre- 
cipitins In fact, the appearance of precipitin and the curve of its 
concentration has seemed to bear no definite relation either to the 
agglutinin curve or to recovery The appearance of precipitin, how- 
ever, has borne a very striking relation to the excretion of soluble 
antigen in the urine, in that all patients who have failed to excrete 
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Chart 3 — Case A 29 Lobar pneumonia Type I pneumococcus 


soluble antigen in the urine during the course of the disease have 
developed precipitms in the blood at or about the time of crisis, while 
all patients excreting soluble antigen during the course of the disease 
have failed to develop precipitin in the blood Furthermore, m those 
cases developing precipitms the concentration, after rising rapidly 
during the period shortly after crisis, has fallen rather abruptly coinci- 
dent with the appearance of soluble antigen in the urine 

In consideration of these phenomena it is well to bear in mind that 
m measuring the concentration of precipitin we are probably dealing 
only with the excess, or free precipitin above that which is bound or 
neutralized by the soluble antigen If this be so, it seems plausible to 
explain the course of events as follows In those patients who fail to 
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excrete soluble antigen during the course of the disease, it is probable 
that the development of precipitin in the body keeps pace with the 
elaboration of the antigen and that the two serve to counterbalance oi 
neutralize each other until finally at or about the time of crisis the 
development of precipitin exceeds the formation of soluble antigen, 
and free precipitin appears for the first time m the blood The subse- 
quent decline in the concentration of precipitin during convalescence 
coincident with the appearance of soluble antigen in the urine would 
seem to be associated with the liberation of a considerable amount of 
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Chart 4 — Case A 24 Lobar pneumonia Friedlander’s bacillus 

antigen by the resolution of the pneumonic consolidation At least it 
IS coincident with it The fact that m two cases during this period 
small amounts of precipitin in the blood and of soluble antigen in the 
urine were simultaneously present, is an interesting observation Two 
theories to explain this phenomenon are presented Antigen and pre- 
cipitin simultaneously present in approximately equal amounts in the 
body may not in all instances be completely bound, or the kidney may 
possess the power of separating the two, excreting the soluble antigen 
and retaining the precipitin Further study would be necessary to 
settle this point 

On the other hand, in those cases usually severely infected, in 
which soluble antigen is excreted throughout the course of the disease 
and in which precipitin does not appear in a free state in the blood, it 
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would seem probable that the formation of precipitin never equals the 
elaboration of soluble antigen, which is consequently constantly in 
excess and readily excreted in the urine That soluble antigen is 
apparently not piesent m the blood m these cases probably indicates 
that the method used for detecting it is not sufficiently delicate when 
minimum amounts only are piesent 

In general, blood cultures have been negative throughout in the 
milder cases going on to lecovery In severer cases that J-iave recov- 
ered blood cultures have been positive early in the disease, but the 
number of pneumococci per cubic centimeter of blood has diminished 
daily, the blood becoming sterile coincident with, or twenty-four hours 
prior to, the appearance of agglutinins The appearance of agglutin- 
ins following the disappearance of pneumococci from the blood sug- 
gests that here again we are dealing with a struggle between In mg 
antigen and its coi responding antibody In those cases in which the 
development of agglutinins keeps pace with the invasion of the blood 
stream the pneumococci are kept out of the blood or rapidly removed 
from it as the agglutinins develop in excess and become demonstrable 
shortly before crisis That recovery has been invariably accompanied 
by the appearance of agglutinins is a striking fact That agglutinins 
have appeared in certain cases (Group II) while a considerable amount 
of soluble antigen is being excreted m the urine, suggests that the 
agglutinins may be effective even though the soluble pneumococcus 
antigen has not been completely neutralized and that their development 
in excess is essential to recovery from the disease That this is not so 
with respect to the development of precipitins is evident from the cases 
considered in the second gioup The relation between the develop- 
ment of agglutinins and the progress of the septicemia, while not so 
striking as that between precipitin and soluble antigen, is nevertheless 
fairly definite This is well illustrated by Case A 29 (Chart 3) m 
which the disappearance of septicemia is followed by the appearance 
of agglutinins in the blood and by the fatal cases m which a progress- 
ively increasing septicemia with the absence of agglutinins occurs 
With respect to the fatal cases, the number studied has been alto- 
gether too few to justify any conclusions These cases have been 
characterized by an increasing septicemia, steady rise m the amount of 
soluble antigen excreted in the urine, and complete failure to develop 
either precipitins or agglutinins m the blood These cases alone of the 
entire series have shown detectable amounts of soluble antigen m the 
blood, an indication of the ovei whelming nature of the infection It 
is fair to assume that in fatal cases the body is unable to combat the 
progress of the infection by the production of sufficient antibodies to 
neutralize and overbalance either the living antigen or its soluble 
products 



790 


F G BLAKE 


ARCH IKT 


The considerations discussed above strongly suggest that natural 
recovery from lobar pneumonia is largely brought about by the devel- 
opment of a humoral immunity in which agglutinins seem to play an 
important part Why one individual is able successfully to combat 
the progress of infection by the development of an excess of immune 
bodies and another utterly fails to do so, is an intricate question con- 
cerned with the factors of varying virulence of the invading organism 
and varying response of the defensive mechanism of the host about 
which we possess little accurate knowledge at present Study of the 
individual case, however, as described in the foregoing, particularly 
daily estimation of the excretion of soluble antigen in the urine and 
daily blood cultures with estimation of the number of pneumococci per' 
cubic centimeter of blood, will afford valuable information as to the 
probable outcome 

CONCLUSIONS 

While the number of cases studied is too small to establish any 
final conclusions which may not be subject to alteration with further 
study, the following facts may be stated with respect to the data 
obtained 

1 There is a definite relation between the excretion of soluble 
pneumococcus antigen in the urine and the development of precipitins 
in the blood in lobar pneumonia 

2 The development of agglutinins in the blood bears no definite 
relation to the excretion of soluble antigen in the urine 

3 The curve of concentration of precipitins does not parallel the 
curve of concentration of agglutinins 

4 Pneumococci disappear from the blood prior to or coincident 
with the appearance of agglutinins 

5 The balance between antigen and antibody bears a definite rela- 
tion to the course and outcome of lobar pneumonia, (c) m that cases 
developing an excess of precipitins and agglutinins have invariably 
recovered shortly after or coincident with the appearance of these 
antibodies, (b) in that cases showing a progressive increase in the 
excess of antigen without the development of demonstrable antibodies 
have invariably been fatal 

6 Daily estimation of the concentration of soluble antigen excrete'! 
in the urine and of the number of pneumococci per cubic centimeter of 
blood have been of great prognostic value in the individual case 
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The frequency with which SAinptoms referrable to the central 
nervous system occur m anemic patients, particularly if the anemia be 
of the pernicious, or essential type, has long been recognized and made 
the object of extensive investigation 

While oui Imowledge of this baffling disease has made wonderful 
strides since Addison first described it in 1855, we have become more 
and more embarrassed by the seeming increase of our ignorance, and 
we need be little surprised when we see the chaotic state our problem 
was in some twenty years later At this time, Schuele,’- m an excellent 
study of three mental cases, in which there co-existed a severe anemia, 
expressed his opinion in this connection by saying “It is apparent, 
granted that muscular degeneration can be of central origin, that 
anemias of neurogenic origin also exist and came to the general con- 
clusion that atrophy of the cerebral coitex was, in his cases, the pri- 
mary cause of the pernicious anemia Other authors believed the 
anemia to be the result of some change in the spinal cord 

While the object of this study is the investigation of brain changes 
111 essential pernicious anemia, it seems advisable to review some of 
the more important contributions to the literature on the changes 
found m the spinal cord in this disease 

Although Lichtenstern, in 1884, described two cases of pernicious 
anemia, complicated by spinal cord symptoms under the title, “Pro- 
gressive Pernicious Anemia in Tabetics,” in which he considered the 
pernicious anemia to be dependent on the tabes, it was not until 1886 
that Lichtheim recognized the real significance of this syndrome, and 
to him IS due the credit of establishing the true relationship of perni- 
cious anemia to subacute combined degeneration of the spinal cord, 
and of stimulating extensive research in this field, out of which 
crystallized a great many facts fundamental in neuropathology 

While we now have a fairly clear idea of the pathologic processes 
involved, there still remain a great many problems which require 
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further elucidation This applies especially to the understanding of 
the exact mechanism by which these changes are brought about 
Although there are still some writers who consider the anemia to be 
the chief factor in causing the degenerations of the spinal cord 
(Goebel), most writers have come to the conclusion that it is really 
a toxin, or several toxins which must be responsible for these altera- 
tions (Minnich, Nonne, Petren, Von Voss, Russell, Batten and Collier, 
Johnson, Reuling, Bonhoeffer, etc ) 

That toxins alone are able to produce such changes, we know from 
the alterations which occur in the cord, which in many cases cannot 
be distinguished from those associated with pernicious anemia, when 
various poisons are introduced into the human organism, the same 
changes also appear as a result of certain poisons and in connection 
with certain morbid states , that is, lead, arsenic, ergot, pellagra, lathyr- 
ism, chronic alcoholism, diabetes, leukemia, severe secondary anemias, 
diphtheria, Addison’s disease, tuberculosis, syphilis, typhoid, carci- 
noma, senility, chronic jaundice, malaria, leprosy, influenza, scarlet 
fever, tetanus, pregnancy, shock and tea (Gordon) 

It was also pointed out that the nervous symptoms may precede 
the appearance of the anemia, sometimes by many months, which 
made the view that anemia alone might be the cause untenable (Min- 
nich, Nonne, Bastianelli, Van Wart) 

The fact that patients, having pernicious anemia, often have an 
elevation of temperature, was also taken to indicate that a toxin was 
at work (Lloyd) Von Voss, however, furnished the best evidence 
when he induced an anemia in laboratory animals by injecting pyrodm, 
glycerin, pyrogallol, and toluylendiamin, with the result that only one 
animal showed cord changes, and these were different from those 
occurring in pernicious anemia, no changes, analogous to pernicious 
anemia in the human, were found in these animals Thus, anemia, 
per se, cannot be the cause of these lesions , the real cause, probably, 
being a toxin 

That the toxin, and not the anemia alone, is responsible for the 
cord changes, has thus become the generally accepted theory As to 
its source, nature and mode of action, however, we are still completely 
at sea If we were to accept Naegeli’s view, that pernicious anemia is 
always a toxogemc anemia, coming from a variety of sources, notably 
such as the Bothriocephalus, pregnancy, syphilis, and malaria, and that 
a pernicious anemia may in reality, therefore, at times be a secondary 
anemia and amenable to treatment, the problem would become greatly 
simplified His definition, however, is not accepted by all writers, and 
many, perhaps most of them, insist that a true pernicious anemia must 
be essential, or idiopathic, and some add, fatal, and that therefore, any 
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demonstrable etiologic factor would at once place it into the class of 
secondary anemias This leaves us in a difficult position Nonne 
evaded this difficulty by substituting the term “lethal anemias ” 

It may be in order here to remark that this looseness in the ter- 
minology must be kept in mind in reviewing the literature, and in 
interpreting the necropsy reports Thus, for example, we again and 
again find syphilis present in the cases reported under the caption, 
“pernicious anemia”, the findings m such cases are obviously rathei 
hazardous to interpret 

For this paper, therefore, I have used only such cases of anemia 
as would be classed under the term “primary idiopathic ” With this 
slight digression, we can again turn our attention to a brief considera- 
tion of the theoretical toxin, or toxins, at work 

Minnich was the first to suggest that this toxin might be of gastro- 
intestinal origin, more recently attention has been directed to the 
tonsils and teeth 

Blankenhom, in a clinical study of the blood serum of pernicious 
anemia patients, made the observation that those patients, in whom the 
serum yielded the strongest Pettenkoffer reaction, showed, clinically, 
the greater involvement of the central nervous system He, therefore, 
concluded that it was the presence of large amounts of bile salts in 
the blood that was responsible for these neurologic manifestations 
Our understanding of the mode of action of these toxins is little 
better According to a good many authors it is but one toxin that is 
responsible for both the blood vascular changes, so frequently observed, 
and the neuronal degeneration (Johnson) , others regard it as more 
-selective in its properties, and consider this specificity, plus a differ- 
ence in resistance, inherent in various structures of the central nervous 
system, as an explanation of the localization of the destructive process 
(Russell, Batten and Collier) , still others insist that there must be at 
least two separate and distinct toxins at work, one having an affinity 
for the red blood cells, the other, an affinity for the fibers of the spinal 
cord (Reuling) 

Von Voss, in discussing this phase of the subject, does not come to 
any such definite conclusions, but leaves the question sub judice, the 
changes may accordingly be due, (1) to one toxin causing both the 
anemia and the cord changes, (2) the toxin may be indirectly pro- 
duced by the anemia, and then bring about the changes in the spinal 
cord, and (3) the anemia itself may act as a toxin, which through 
malnutrition causes the alterations in the cord 

The second hypothesis, in a slightly altered form, is also advanced 
by Bonhoeffer, who, in discussing the psychoses occasionally observed 
in pernicious anemia patients, does not consider these specific reactions 
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as due to a toxin, but supposes other changes in the brain cells them- 
selves or in their metabolism to be interposed — a view gaming 
increasingly wider acceptance in analogous conditions, as, for example, 
between alcohol and delirium tremens, as opposed to alcohol and 
drunkeness 

That the lesions found in the central nervous system are the result 
of toxin action can hardly be questioned, nor can it be doubted that 
anemia in itself can and does render the nervous elements more sus- 
ceptible to the actions of these toxins Any further statements are 
purely hypothetical and unwarranted on the basis of our present 
knowledge 

A most animated discussion has been that which centered around 
the pathologic mechanism, instrumental in producing the so-called 
Lichtheim foci and the subsequent condition of combined sclerosis 
According to the first theory advanced, it was the blood vessels which 
through hyalinization, thrombosis or rupture, were considered respon- 
sible for these lesions 

Minnich, in a senes of five cases of pernicious anemia, free from 
neurologic symptoms clinically, and which subsequently came to 
necropsy, found no lesions whatever in the nervous system, other than 
multiple hemorrhages, which he studied in great detail These he 
considered fundamental in the production of the Lichtheim foci, and 
believed them analogous to the multiple hemorrhages occurring m the 
letina, pleura, pericardium, intestinal serosa,, and meninges As to the 
alterations taking place m the vessel walls themselves, he assumed the 
process to be initial in the perivascular lymph spaces and supporting 
tissue, with resulting lymph stasis, perivascular sclerosis, intimal thick- 
ening, vascular sclerosis, and consequent tissue destruction Nonne’s 
views were essentially the same 

While probably the majority of writers, among them Burr, Bullock, 
Johnson and Marburg, mention vascular changes, such as proliferation 
and swelling of the intimal cells, hyaline degeneration, and often com- 
plete thrombosis, their conclusions are not the same 

According to Marburg, the localization of the pathologic process 
m the cord, corresponds to that area which is best supplied by blood 
vessels, and hence has transported to it the largest amount of toxm 
Curiously enough, Brauwer and Blaukwip reverse this statement, 
saying that not the areas best supplied with blood, but those most 
poorly supplied, are the ones which suffer most extensively Schmaus, 
here, as in multiple sclerosis, is a supporter of the lymph-stasis theory 

While the “vascular theory” was for a time widely accepted, it did 
not long go unchallenged It was pointed out that not only did the 
blood vessels in the diseased areas too often look normal, but also 
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blood vessels m healthy areas too often weie much diseased (Bas- 
tionelh, Russell, Batten, and Collier, Jacob, Moxter, Von Voss, Put- 
nam and Taylor) It was likewise shown that in a great many cases 
there was no evidence, whatever, of hemorihage (Russell, Batten, and 
Collier) 

Relative to the lymph stasis theory, Lenel suggests that the swelling 
seen in the adventitial tissue may be only a stage in the “Abbauvor- 
gang,” and thus a result, rather than a cause, of the nerve lesions 

An entirely different explanation is advanced by Rothmann, who 
found hemorrhages, atrophy, and destruction of the anterior horn cells 
in the gray matter These, he argues, as does Teichmueller, are the 
changes which initiate the cycle of disintegration, while the alterations 
seen in the white matter are due simply to a resulting secondary 
degeneration He insists further, that although these lesions are not 
always demonstrable microscopically, the injury is there nevertheless, 
and the mechanism the same 

Goebel, on the other hand, though he also demonstrated changes 
m the gray matter, refutes this idea by saying that the changes in the 
gray matter are often missing, that the intensity and the localization 
of these changes do not correspond with those found in the white 
columns, and that in longitudinal sections, the commissural fibers are 
found to be intact Additional evidence was supplied by Bastionelli, 
who noted that the white fibers were diseased only in the peripheral 
portions of the cord and that the gray matter, for this reason, could 
not be the primary seat of the degeneration 

On account of the evidences of inflammation sometimes observed, 
and the occasional febrile course, it is thought by some (Boedeke and 
Juliusberger) that the process taking place here is really a true myelitis 
of the disseminated type This, Nonne thinks, is also true of sepsis 
and senility The fact, however, that inflammatory reaction, such as 
cell infiltration, is too often lacking, and that the gray matter is only 
exceptionally involved (Billings) argues against this view 

Edinger, in support of his “Ersatztheorie” performed an experi- 
ment which has a direct bearing on the point under consideration In 
the spinal cords of a number of rats, in which he produced an anemia, 
and which he then set to work by the ingenious device of suspending 
them by their tails, he found extensive degenerative changes, while 
in the cords of control rats, which were not anemic, no such changes 
could be detected 

Finally, Dana has emphasized two other factors, which may be 
at work in this disease and which may be instrumental, first, m deter- 
mining the characteristic localization, and, second, m deciding which 
patients are to get a combined sclerosis, and which are to remain 
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altogether free from it It is in reality the peripheral ends of the 
axones of the pyramidal cells and of the posterior ganglion cells that 
bear the brunt of the destructive process, this, he says, may be due 
to the distance of this portion of the nerve fiber from its trophic center 
Relative to the second point, he suggests that this may be explained by 
individual predisposition , that those persons hereditarily endowed with 
“weak cords” will be the ones to sutler from a complicating cord 
degeneration, while those who were not so predisposed, will escape 

A not infrequent finding in the spinal cords of pernicious anemia 
patients is the presence of cavity formation (Baumler, Camac and 
Milne, Bullock, Fnedlander, and Henneberg) Boedeker and Juhus- 
berger described peculiar stafifhke structures as occurring, associated 
with a few of the anterior horn cells, these were at times scattered 
throughout the entire cell, at times in only a portion of it, then again 
partly within the cell and partly in the pericellular space, and some- 
times entirely within the latter These structures, stained green with 
lodm, red-brown with basic fuchsin, were present in the Marchi sec- 
tioiis, and remained unstained with methylene blue, eosin, and hema- 
toxylin 

While the foregoing is a rather fragmentary and disconnected 
review of this aspect of pernicious anemia pathology, it is not the 
object of this paper to enter on a discussion of the many theories 
advanced, save only in so far as may be necessary to explain the 
pathologic changes noted m the cortex 

The literature bearing on the clinical manifestations of cortical 
origin IS not so voluminous as is that concerning the spinal cord , how- 
ever, m recent years, attention has been directed this way, and numer- 
ous cases, in which psychotic manifestations were noted, have been 
placed on record Already Addison, in 1855, when he first described 
the disease, spoke of the occasional wandering of the mind, and, indeed, 
a terminal delirium, usually of a mild type, is one of the commonest of 
the mental phenomena noted There appears to be no law according 
to which these disturbances develop, and the psychic alterations may 
run the entire gamut of mental symptomatology 

In cases which develop some of the better defined types of psy- 
choses, such as manic depressive insanity, it is probable that an indi- 
vidual predisposition was present, the pernicious anemia being really 
more or less independent of the mental disorder, when this has not 
been the case, however, the majority of writers have come to the 
conclusion that the individual may be altogether free from any neu- 
rotic tendency, the psychosis being then placed m the category of the 
exhaustion (Bonhoeffer, Meyer) or infection-intoxication psychoses 
( Siemerling) 
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Putnam and Taylor consider a neurotic tendency fairly common, 
and noted in their patients, as a rule, an exaggeration of native traits 
Church describes the mental condition as one of a continuation of the 
dream state, which these patients cannot shake off on being roused 
and which usually subsides spontaneously on further stimulation 
Picket, from a study of se\en cases, gives the composite mental pic- 
ture of these patients as a shallow confusion with impairment of 
ideas of time and place, increasing on awakening from sleep ; illusions, 
particularly of identity, are common Hallucinations and persecutory- 
delusions may arise “The pernicious anemia is mainly an abeyance of 
the mind ” Very often the psychosis may simulate a general paresis 
(Marcus, Camp) , Korsakow’s syndrome has also been noted following 
a delirious condition (Bonhoeffer) 

Just as cord symptoms may appear long before there is any evi- 
dence of the underlying pernicious anemia, so mental symptoms may 
appear in persons who may be somewhat anemic, but in whom the 
diagnosis of pernicious anemia would not be warranted This was 
well shown in a case reported by Marcus, and also emphasized by 
Langdon, who in a series of cases, some of the patients having definite 
pernicious anemia, others having more or less severe anemia, desig- 
nated the condition as “pre-pemicious anemia ” Likewise, these symp- 
toms are strikingly transitory, and usually improve, pan passu, with 
an improvement in the physical state (Grawitz) 

Kraeppehn, although he discusses the relation of anemia to psy- 
choses at some length, does not mention pernicious anemia in par- 
ticular, and concludes by saying that it is not clear whether the anemia 
IS a causative factor or an accidental accompanying condition 

The contributions of Barrett are particularly illuminating Among 
650 necropsies on insane persons in Michigan, he reports that there 
were fifteen cases of pernicious anemia, and suggests that this disease 
may play a larger role m psychiatry than is now supposed In his first 
study of nine cases, two resembling dementia praecox, one manic- 
depressive insanity, and six asthenic with paranoid feature, he con- 
cluded that, as a whole, these patients had in common, irritability and 
suspiciousness, which formed the groundwork for delusions of perse- 
cution, the content of which was generally influenced by the somato- 
neurologic symptoms In several cases hallucination and confabulation 
occurred, suggesting a Korsakow’s psychosis There was no marked 
deterioration, and comprehension and orientation were usually clear, 
except for a rare episode In two instances there was slight expansion 
In a number of cases there were remissions in the mental condition 
which ran parallel to those on the physical side In all but one there 
was a hereditary predisposition, which he regards as of considerable 
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importance He classifies these cases among the paranoid conditions 
which are symptomatic of a toxic-organic process affecting the central 
nervous system, analogous to those found in tabes, alcoholism, and 
certain drugs intoxications 

Only a few of 'the cases reported present symptoms leferable to 
other parts of the central nervous system, outside the cord Among 
these optic atrophy stands first and has been several times noted (Rus- 
sell, Bastionelli, Putnam and Taylor, Bramwell) Collier, however, 
declares it to be a decidedly uncommon occui rence, having been found 
but once in fifty-eight cases, and in this one instance, being probably of 
syphilitic origin 

Various attacks of cortical origin have been described, such as a 
sudden feeling of cold and death in an extremity (Eichorst), light 
hemiparesis of the face (Immermann), passing hemiplegic attacks 
(Mueller, Nonne), which may be accompanied by convulsive seizures 
(Mueller and Bierner), diplopia (Russell, Batten, and Collier), sudden 
severe headaches (Hawthorn), and total blindness from extensive soft- 
ening of the occiptal lobes (Wicher) 

As to the pathologic lesions found in the brain itself, comparativel}- 
little has been published Birulja, in 1894, found numerous small 
blood extravasations, accumulations of lymphoid cells, pigment masses, 
and diminished tincture with carniin Ransohoff noted inflammatory 
foci in the brain and cord Mott described marked changes in the 
corticopyramidal cells, and on examinations with the Marchi method 
showed degeneration in the whole pyramidal system, from the cortex 
downward Spiller, however, takes exception to this diagnosis and 
looks on it as a case of amyotrophic lateral sclerosis, associated with 
anemia This author found changes as high as the middle of the pons, 
which he considered retrograde Preobrajensky has described two 
types of foci occurring in the medulla, cord, and cerebellum — 1, mili- 
ary sclerotic foci accompanying the blood vessels, and 2, miliary foci 
from dismtegreation of the nerve substance 

Schroeder regularly finds miliaiy foci occurring in the brain in 
lethal anemias, not found in other diseases These differ somewhat 
from the Lichtheim foci and are usually about 80 to 100 microns in 
diameter, globular or slightly oblong, always isolated, and generally 
widely separated from each other, they are in close relationship to the 
blood vessels, each one having a capillary in its center, and display no 
selective localization They are most readily found in Nissl-stained 
sections, in which the center appears clear, containing sometimes a few 
blood cells, and the periphery blue, being made up of more or less 
degenerated gha cells These “Rmgwallherdchen” have no relation to 
the plaques found m the spinal cord 
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Bauctt has reported findings in ele\en cases, which aie exceedingly 
interesting The Nissl bodies he found often markedly disintegrated, 
a few cells showing the characteristic axonal degeneration The neu- 
roglia cells were, as a rule, model ately inci cased and had a tendency 
to group arrangement, in some of them mitotic figuies were noted 
Rod cells and cells of odd shapes were piesent m the coitex m consid- 
erable numbers Degcneratnc changes m the blood vessels and pig- 
ment deposit were common The striking finding, however, was that 
of typical Lichtheim placqucs in four of the eleven brains examined, 
ten of which shouted distinct pathologic cliangcs These changes, he 
> concludes, were such as occur in conditions of chionic intoxication and 
resemble those found in chronic alcoliolism He also found m one of 
the brains (Case 2, H T ) the foci described by Schroeder 

Pfeiftei, in a ^cry careful histologic study of the cortex, found a 
good many cellular changes, the most frequent of wdnch was swelling 
of the ganglion cells, ln^arlabIy associated with hyperpigmcntation 
These changes are similar to those found in psychoses of toxemic 
origin 

KcroRT or cAsi:s 

Se\cn brains, in all, were a\ailablc for stucb These had been fixed in for- 
maldehyd solution and were now cut in the front.il plain so as to obtain sections 
about 8 mm in thickness through the entire brain, from each of the following 
le\els (1) section just anterior to the gcmi of the corpus callosum, (2) sec- 
tion 05 cm posterior to the optic chiasma, (3) section through the center of 
the cut surface of the crura cerebri, the cerebellum and pons having been 
removed, (4) section cutting through the posterior end of the splemum corporis 
callosi, (5) section through the middle of the pons and that portion of the 
cerebellum oierlymg it, (6) section through the medulla and the cerebellum 
at the middle of the oh\c These blocks w'cre then mordanted, imbedded in 
parlodion — cclloidin being practically off the maiket — cut under alcohol, bv 
means of the large Edingcr microtome, into sections 50 to 100 microns in thick- 
ness, and stained by the Wcigert and the Pal-Weigert methods, the Van Giesen 
counterstain being added to some of them 

Since the Wcigert sections of four of these brains show'ed marked evidences 
of disease, frontal sections cutting through the entire brain at levels corre- 
sponding to the Weigcrt sections w'cre also prepared and stained w'lth osmic 
acid according to the method of Marchi , supplementing these, Marchi sections 
were also prepared from certain other areas of these brains The Marchi sec- 
tions from the remaining three brains, while not cutting through the entire 
brain, were sufficiently large and numerous to permit a careful and satisfactory 
study Silver sections were prepared by the Bielschowsky method, the pyridin 
modification for the preparation of serial sections as well as the method described 
for frozen sections, being cmplojcd For general histology and cell study, rep- 
resentative areas of the cortex were stained by means of hematoxjdin and eosin, 
thionin, toluidm blue, and neutial red The Lichfgj ucnfuclisin stain, devised 
by Alzheimer, w'as employed for the demonstration of ftichsinophihc granula 
Glia fibers and cells w'ere studied by means of Wcigert’s glia fiber stain and the 
new gold stain recently developed by Raymon y Cajal The larger blood vessels 
at the base were stained with hematoxylin and eosin and with Weigert’s elastic 
stain in various combinations 
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Case 1 — (Necropsy 14-113) Htstoiy — The histor} shows the following 
G M, SI years of age, married, traveling salesman and a blender and taster 
of wine for twenty-five years, presented himself for examination Dec 4, 1912 
His father died of heart trouble at the age of 42, and his mother of stomach 
trouble at the age of 62 One brother and two sisters w^ere living and w^ell 
His general health w'as good up to the age of 40, wuth the exception of a 
nervous, rundown condition for two or three months when he was 15 years 
old, during w'hich time he was not confined to bed and from which he recovered 
completely He also had measles, whooping cough, and was rather ill with 
chickenpox There was no diphtheria, scarlet fever, pneumonia or typhoid 
Syphilis and gonorrhea were denied Up to fifteen years previous to the exam- 
ination he used considerable wine and whisky, but since that time had been 
more moderate He had always been a rather hard worker He married at 
22, had one child, and his wife had one miscarriage, due to accident He was 
married again at 33, there being no pregnancies during the second marriage 
Eighteen y’^ears previously he received a slight injury to his back, which pro- 



Fig 1 (Case 4) — Weigert’s myelin sheath stain Cross section of brain, 
showing gross appearance of degenerative foci, analogous to the so-called 
Lichtheim plaques occurring in the spinal cord in cases of pernicious anemia 

duced no symptoms at the time About this time he also was considerably 
jaundiced and complained of pain and tenderness over the gallbladder region 
He suffered a good deal from indigestion, but this bothered him little during 
the last four or five years He also has been constipated for years His present 
illness began in January or February, 1914, during which time his legs laecame 
easily cold and wmuld ache, mostly in the shins and feet This ache was sharp 
rather than dull, and w^as present especially when cold He gradually began 
to get stiff m the legs , this at first caused no trouble in walking, but later on 
the toes began to catch About three months previously he experienced some 
tightness about the waist, which w^as now largely gone Twm months previously 
he began to stagger in walking, which increased until about a month and a half 
previously, since w'hen he had been unable to walk alone For the previous 
two weeks there was also some drawing in the legs, together with a sensation 
of burning in the legs and buttocks At this time he was said to have been 
rather pale For one w'eek or more he had some difficulty in urination, which 
began with sharp pains in the scrotum, the water was slow to start and dribbled 
at the last He also had considerable difficulty in getting his bowels to move 
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Of late Ins appetite had not been \cry good He always felt much worse in 
cold than in warm ^\cather For the previous two days there had been some 
edema of the left ankle His color \sas fair, but growing somewhat pasty 

The systolic blood pressure taken on the day of examination was found to 
be 116 mm Hg 

Ncwologic E^amtuadon — The neurologic examination showed the following 
Ctantal Nerves The sense of smell was found to be normal when tested with 
perfume Vision was practically normal and the field of vision ivas good to 
a rough test There was no central scotoma Fundus examination was not 
verj’- satisfactorj but the eje ground appeared to be normal in the right eye 
There was no diplopia, no nystagmus, and moicments of the external occular 
muscles were normal The pupils were circular, the right being a little smaller 
than the left Reaction to light was rather sluggish and reaction to accommo- 
dation normal Functions of the scienth and eighth nerves were normal, as 
were also the tuning fork tests Sensation o\er the distribution of the fifth 



Fig 2 (Case 4) — Wcigcrt’s myelin sheath stain Lichtheim tjpe of focus 
present in the corpus callosum Magnified about 20 diameters 

was normal, sa\c that the conjunctual reflexes were sluggish The ninth, 
tenth, eleventh, and twelfth cranial nerves were normal The speech was a 
little peculiar, however, it was probably ahvays so Muscles There was some 
jerking of the legs, each jerk being accompanied by a sharp pain The patient 
stated that this jerking was alwa>s aggravated when he became cold or very hot 
The dynamometric test of the hands registered about 38 on the right and 30 
on the left The abdominal recti were normal In the legs there w'as moderate 
weakness of the anterior thigh group on the right and great weakness on the 
left The anterior tibial group was normal on the right but impaired on the 
left Power m the calf muscles was poor on both sides There was no special 
tremor of the extended fingers Reflexes The deep reflexes of the arm were 
a little below normal The abdominal reflexes were all missing except twice, 
when a slight response m the right lower abdomen was obtained The scrotal 
reflex was absent Both knee kicks were very active There was a double ankle 
clonus of rather short duration, somewhat better sustained on the left than 
on the right Scratching for the Babinski reflex was decidedly painful on the 
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right, less so on the left the left plantar was constantly extensor, the right 
was at first flexor and then extensor Sensation The patient said that he 
could feel the clothing on his feet and cutaneous sensation was practically nor- 
mal everywhere except for some slight impairment on the plantar surface of 
the toes of both feet and over the left shin Subjectively, there was some 
numbness and prickling in the hands which was worse when he became cold 
The patient said that at times he did not know where his legs were, though 
he had an appreciation of the movement m his toes when wiggling them Joint 
sensation in the toes was completely absent when tested objectively and impaired 
to a considerable degree m the ankle Vibration sensation in the legs was 
normal All stroking of the abdomen and chest with a dull instrument was 
painful Coordination in the hands was fairly satisfactory, though there was 
a little awkwardness m handling things In the legs there was distinct ataxia 
Stereognosis was normal 



Fig 3 (Case 2) — Weigert’s myelin sheath stain. Van Gieson counterstain 
Plaques of degeneration found in the centrum semiovale, crus level The one 
seen in the upper left hand corner is of the “palm-tree” type, in which the 
degeneration occurs at the point of bifurcation of a capillary 

Course — ^Jan 1, 1913 The patient complained of some numbness and stiff- 
ness in the hands and arms Practically all the swelling of the left foot and 
leg had disappeared The patient said that he could pass water into a cold 
urinal, which he could not do before 

Jan 19, 1913 The pupils were a little small and reaction to light and dis- 
tance was normal Both legs jerked considerably The deep reflexes of the arms 
were rather sluggish The upper and lower abdominal reflexes were faint and the 
right was soon exhausted The cremasteric reflexes were absent Both Achilles 
tendon reflexes were active There was a slight patellar clonus on both sides, 
as well as an easily exhausted ankle clonus, which was somewhat better on the 
left than on the right There was a distinct Babinski phenomenon on the left, 
while on the right the plantar reflex was at times extensor, though usually 
flexor There was possibly a slight disturbance of tactile sensation from the 
seventh rib downward, though there vas no disturbance of pain sensibility. 
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sa^e possiMj in the icct, whcic he often called the head of a pm the point 
The patient was sensitive to tapping and -stroking of all parts of the body Joint 
sense m/he hands seemed to lie norinal Ihe patient said that he still lost his 
legs at Xmes, though he could usualK tell when one leg was on top of the other, 
and wmich it was Joint sense in the toes was almost completely lost Vibra- 
tion sensibiliti was prc'^ent o\cr the malleoli and o\cr the shins 

Feb 5 1913 Tlie patient raised his legs from the bed fairly well, though 
the left was somewhat weaker than the iiglit The deep reflexes in the arms 
were not increased Both patellar reflexes were \cr\ actne, there was a patel- 
lar clonus present on the left and a \ci\ faint patellar clonus on the right 
There was a slight double ankle clonus of shoit duration The Babinski phe- 
nomenon was positne on the left and douhlful on the light Bowel and bladder 
control was good 



Fig 4 (Case 4) — V cigcrt's mjehn sheath stain Another illustration of the 
relation wiiicli these plaques sometimes bear to blood vessels This particular 
one W'as present in the fibers of the optic radiations 

June 7, 1913 Ihe patient was getting out of doors and walked with the 
assistance of a cane and the occasional support from a building His legs were 
very stiff He had never been quite wdiolly free from the prickling sensation 
and thought that it waas a little w'orse of late The grip of the right hand 
registered 45 and of the left 35 The right plantar response was flexor and 
the left doubtful There was no clonus On the plantar surface of the right 
mdex finger he felt pm pricks a little less distinctly than on the left side The 
blood pressure was 154 mm 

June 22, 1914 Last winter the patient giew' considerably w^orse and did not 
improve much during the summci He began failing mentally, was extremely 
irritable and unreasonable, and several times struck at his wife He had had 
distinct spastic phenomena and a good deal of sensory impairment When 
^en two days ago there was distinct hypotonia and no clonus could be obtained,, 
e ultimately became ^ery stupid and died without any special further change 
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Necropsy —Death occurred June 22, 1914, a necropsy being performed while 
the body was still warm The necropsy protocol was as follows 

The body is that of a well developed, well nourished man, 168 cm m length 
There is slight rigor mortis in the upper extremities Lividity is present in 
the dependent portions The pupils measure 5 mm in diameter and are equal 
There is no edema A few small ulcers are present on the posterior surface 
of the sacrum The peritoneal cavity contains no excess fluid The subcutane- 
ous tissue anteriorly is 2 5 "cm in thickness The appendix is 12 cm in length 
and IS bound down by a few old adhesions The diaphragm extends to the 
fourth intercostal space on the left and to the fourth rib on the right The 
pleural cavities show small fibrous adhesions at the base of the right lung with 
no excess of fluid in either cavity The pericardial cavity contains no excess 
fluid The heart is normal in size, the epicardium and endocardium are clear 
and smooth, and the valves thin and soft The myocardium is of a pale reddish 
color and fairly firm The root of the aorta shows no gross lesions The 



Fig 5 (Case 2) — Weigert’s myelin sheath stain Lichtheim focus, associ- 
ated with a small blood vessel, present in the brachium conjunctivum 

lungs crepitate throughout and the posterior portions are somewhat heavier 
than the anterior The cut surfaces show a small amount of bloody, frothy 
exudate In one area of the right lung, a small amount of pus can be 
expressed from the bronchioles No nodules are palpable The spleen shows 
a slightly -wrinkled capsule The cut surface is of a reddish color and fairly 
firm The pulp scrapes with some resistance No special markings are visible 
The liver is somewhat smaller than normal, the capsule is smooth and clear, 
and the cut surface shows no special features The pancreas and gastro- 
intestinal tract appear normal The adrenal shows no gross lesions The 
kidneys are of normal size The capsules strip with a little resistance The 
cortices are about normal in thickness and the demarcation between the cortex 
and the medulla is fairly sharp The bladder and genital organs were not 
removed On removing the dura mater, the subarachnoid space is found enor- 
mously distended \% ith a thin clear fluid The arachnoid is thin and translucent 
The arteries of the brain are soft No pathologic condition is present in the 
brain substance from external examination The subarachnoid space of the 
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cord IS distended with a thin clear fluid Sections of the spinal cord m the 
cervical, thoracic, and lumbar regions show areas of degeneration in the white 
substance which are rather diffuse, except in the cervical region where the 
column of Goll is sharply circumscribed and degenerated The bone marrow 
from the central part of the shaft of the right femur is of a yellowish white 
color In the upper third of the femur, near the posterior portion, the marrow 
IS found to be of a deep red color 

Microscopic ExamiuatiOii — ^Thc heart shows several small areas of fibrosis 
The lungs and adrenals appear normal The liver shows a marked atrophy 
of the hepatic cords with a small amount of pigment There are also evidences 
of a slight chronic passive congestion The kidney shows a few small patches 
of fibrosis near the capsule, but is otherwise normal The spleen shows some 
atroph} with a hj aline degeneration of the arterioles In the spinal cord the 
majority of fibers of the white columns are degenerated, this is especially 
marked in the posterior and lateral columns , those fibers W'hich are m con- 



Fig 6 (Case 2) — Weigert’s myelin sheath stain G>rus fusiformis, showing 
the small circular foci found in the medullary substance just underlying: the 
marginal gray layer, corresponding probably to miliary foci described by 
Preobrajensk} 

tact with the gray substance are not degenerated The bactcnologic examina- 
tion of the heart’s blood shows no grow'th A smear made from the pus 
expressed from one of the bronchioles shows bacteria of various kinds The 
anatomic diagnosis was as follows 1 Combined sclerosis of the spinal cord , 
2 edema of the brain, 3 pernicious anemia (^) 

Examination of Btain — The brain is of normal sire and rather pale The 
membranes are somewhat opaque along the blood vessels and show some edema 
ihe convolutions are normal in appearance The blood vessels at the base are 
moderately thickened and slightly tortuous A few slight atheromatous patches 
are also noted 

Weigert Sections Sections through the fiontal lobes On the right side 
of the brain, a little above the midline, and well within the substance of the 
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centrum semiovale, are a dozen or so irregular areas, about 0 5 mm in uidth 
and 1 to 2 mm in length, m which the white fibers do not stain These areas 
are associated with capillaries which they sometimes surround concentrically, 
though more often lying somew'hat or altogether to one side, the edges are 
irregular and ill defined and there is a distinct tendency for the degenerated 
areas to spread in the direction of the fibers Sections thiough the level of 
the clnasma Grossly there is seen a small triangular area of degeneration 
in the upper portion of the lenticular nucleus, in the angle between the internal 
and external capsules, also a smaller aiea in the upper and outer portion of 
the caudate nucleus Areas of degeneration, similar to those described above, 
are seen m great numbers in both semiovale areas, though somewhat more on 
the right than on the left, in the corpus collosum, and in the optic tract near 



Fig 7 (Case 4) — Marchi stain X 50 An area of degeneration, constitut- 
ing possibly an early stage m the production of a Lichtheim plaque Second 
temporal gyrus 

the chiasma Sections thiough the level of the cuts With the unaided eye 
one can see a sharply defined, wedge-shaped area of degeneration, the base of 
the wedge being directed upward, which involves the outer quarter of the 
putamen The upper and outer portion of the caudate nucleus shows a similar 
degeneration about the size of a pea Areas of perivascular degeneration appear 
scattered throughout the w'hite matter Thej are more numerous on the right 
side, where there are some twenty m number, than on the left, and are also 
seen in number, m the corresponding area on the left, m the corpus callosum 
and in the fornix Under the microscope these changes are found to be more 
marked around the smaller blood \essels than around the larger ones, marked 
ballooning of the myelin sheaths is seen, particularly at the periphery of some 
of these areas Sections through the occipital lobes The same areas of degen- 
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cration appear but aic less numerous than m the preceding section They are 
particular!} numcious in the corpus callosum and in the fourchette, although 
the} occur m smaller nunihcrs m all other portions of the white mattei In 
the" marginal gra% la}er of the g\ri is seen, surrounding some of the blood 
\eisels, a distinct halo Sccitotts iUtough the cctchclhm Under the dentate 
nucleus is found an area of pcmascular degeneration similar to those described 
above Snitous iluottnh the pow; In the left brachium conjunctivum is a 
t}pical Lichthcim focus witii marked balioonmg of the fibcis A similar but 
comewhat smaller focus is seen m the left brachium pontis Other stiucturcs 
m this section appear normal 

Iilarchi Sections SlcIwus ihiouoh jioutal lobes The sections show a 
rather diffuse degeneration of moderate mtcnsit} with some accumulation of 
pigment in the peril asculai ■spaces riicrc are also seen a number of rcla- 
ti\"elv pale areas with poorK denned margins, surrounding some of the blood 
lesscls The corpus callosum <'how‘j no more degeneration than is found in 



other portions of the section The piramulal cells are all lathci more deeply 
pigmented than is normally seen Sechojis Ihiough level of chiasina There 
IS a diffuse, rather marked degeneration throughout the white matter of the 
section, which is particularly prominent in the fibers passing from the surface 
toward the internal capsule Small, circular, pale areas, which are rather 
sharply defined, appear in moderate numbers in both the marginal gray and 
the submargmal white matter The pyramidal cells of the cortex appear noimal 
beettons through level of cuts Here arc seen \ery numerous foci, formed by 
deposits of blackened granules, most of them having a definite relation to the 
■vessels, these are particularly numerous in the centrum semiovale, wdierc 
the degeneration is very intense As the crus is approached, the degeneration 
IS seen to be older, on the wdiole, though recently degenerated fibers are scat- 
tered throughout Although the degeneration is most marked around the blood 
vessels, the intervening areas also show a considerable disintegration of the 
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nerve fibers That portion of the cortex occupied b}' fibers of the optic radia- 
tions, also shows a marked deposit of small and somewhat dusty granules 
All stages of degeneration can be followed in various parts of the section The 
primary ballooning and browning of the fibers, the formation of Elzholz cor- 
puscles, chains of coarse black beads, disintegration of these into finer granules, 
and their transport in “Abbauzellen,” to the perivascular spaces The pyramidal 
cells which overlie these areas contain no more than the normal amount of 
pigment The basal nuclei are normal in appearance, save for the accumula- 
tion of a small amount of perivascular pigment Sections thjough occipital 
lobes Grossly one can see pale areas, presumably perivascular, which appear 
somewhat as was noted in the Weigert sections The degeneration of this por- 
tion of the cortex is well marked and most intense in the fibers of the optic 
radiations and of the corpus callosum As in the preceding sections, all 
stages of degeneration can be noted Perivascular areas of degeneration are 
seen here and there, together with varying amounts of fatty accumulations The 
pyramidal cells here are rather markedly pigmented, particularly m the lower 



Fig 9 (Case 1) — Marchi stain X 100 Portion of Figure 7 , under higher 
magnification 

portion of the occipital lobes, some of the cells, and this is notably true of those 
in the third pyramidal layer, being in many instances completely replaced by 
pigment There appears to be no definite relationship, however, between the 
degree of hyperpigmentation of these cells and the degeneration of the fibers 
underlying Sections thiough olives and the overlying cerebellum There is 
a rather diffuse degeneration noted throughout the white matter of the section 
In the cerebellum this is particularly marked in the peduncle of the flocculus and 
in those fibers which descend from the dentate nucleus, where the evidences of 
degeneration are marked In the cross section of the medulla, degeneration 
of the pyramidal tracts is rather marked, these being thereby sharply demarcated 
from the other parts of the section, there is also evidence of degeneration, 
which IS older than that seen m the pyramidal tract, m those areas occupied 
by the spinocerebellar tracts A rather slight degree of stippling is seen through- 
out the remainder of the section occupied by the white matter Sections through 
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the ham stcvi at the level of the cotpoia quadngemma uifctio) There is 
a rather extensive degeneration in the formatio reticularis and a somewhat 
milder grade of degeneration m the lateral and medial fillets, wdiere there is 
a good deal of pigment accumulated in the perivascular spaces The pyramidal 
tracts show a like degree of disintegration, with typical beadlike formation of 
Marchi granules, where some of these fibers have been cut in a slightly longi- 
tudinal direction The small amount of stippling in the brachium pontis is 
probably pseudo-Marchi in character Sections though the uppei portion of 
the pons and medulla, at the level of the fifth nerve Here a moderate degen- 
eration IS seen in the median fillet and in the pyramidal tract There is also 
some blackening of the fibers evident in the intramedullary portion of the fifth 
nerve as well as in those fibers which pass over the brachium conjunctivum, 
w'hich may belong either to the lateral fillet or to Gowers’ tract The remainder 
of the section is perfectlj clear 



Fig 10 (Case 4) — I^Iarchi stain X 100 Showing degeneration present in 
the corpus callosum Cross section of brain just posterior to optic chiasma 

Bielchowsky Sections In the serial Biclchowsky sections are seen many 
blood vessels which are surrounded by areas lighter in color than the surround- 
ing tissue, from which they arc not sharply demarcated, in w'hich the fibers 
appear to be disintegrated, axis cylinders, on passing through such an area, 
tend to become pale, somewhat granular and ultimately to disappear The 
neurofibrilh within the cells do not stain wmll, m general, though m those 
instances in which they can be seen, they look entirely normal 

The neuroglia tissue, on the whole, as seen in the Weigert glia-fiber and in 
the Ramon yCajal gha cell sections, appears to be normal, though there is 
possibly a diffuse increase m the glia cells and in the gha processes, some of 
which appear to be very massive and w'avy, particularly in those sections pre- 
pared from the frontal lobe 

In the sections stained with hematoxylin and eosm are found certain areas 
'nni + matter which are of a pale, grayish-blue color, varying in si 7 e from 
uui to 01 mm in diameter These areas look as though they might have 
been produced by some distention of the mterfibnllar substance, there being no 
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particular change in the surrounding tissue As a rule the margin is fairly 
sharp In a good many instances this same cribriform appearance can be seen ' 
surrounding the perivascular spaces, which probably correspond to the areas 
of the same size seen in the preceding sections In a number of instances the 
nuclei of gha cells within these areas can be seen in various stages of degen- 
eration, as shown in Figure 13 These changes are especialh noted m the 
temporal gj^ri and about the calcarine fissures In the right putamen, near 
the ventricular wall, is seen a fairly recent hemorrhage about 1 mm in diameter 
Thionin, toluidin blue and neutral red sections On the whole these sec- 
tions present a fairl}’’ normal appearance The cyto architecture is undisturbed 
and the cells stain fairly well, although the Nissl bodies are not as distinct 
as one normally sees A few of the cells show a rather indistinct outline, 
which IS often much distorted, and the dendrites are usually poorly defined 
Vacuoles of varying sizes can be observed, and the nuclei are often eccentric 
and in several instances partially extruded These changes occur to some extent 



Fig 11 (Case 3) — Marchi stain X 100 Area of degeneration in proximity 
to blood -vessel Compare -with Figure 14 

in all of the layers but are found most marked m the deep and superficial large 
pj'ramidal cells Typical axonal reaction was found in two or three instances 
in sections from the right Rolandic area All of these changes, with the excep- 
tion of the axonal reaction, were found particularly marked in the frontal, 
Rolandic, and temporal lobes In sections from the calcenne area one also 
finds a slight degree of perivascular, small, round cell infiltration The cere- 
bellum and basal nuclei shoived no changes of interest 

In the fuchsin-lichtgruen sections, 3 microns in thickness, prepared according 
to Alzheimer’s instructions, most of the cells appear practically normal, though 
a good many contain, scattered throughout the cell, small, brilliant-red, fuchsin- 
•ophilic granules, which vary m number from two or three to twenty or more 
granules to a cell One cell was found completely filled with such granules 
This stain also shows very beautifully the granules which are stained black 
by the osmic acid of Flemming’s solution, some of them being very small, others 
v'er-s large, evidently formed by the coalition of the smaller granules 
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vessels at the base show a moderate hypertrophy, principally of 
tissue IS normal m amount 

TAsr 2 -(Necropsy 759) Htstay-Ur A R S, 42 years of age, engaged 

1 A rL^fnirtion doing very hard work and being very much exposed, 
m ’railroad construction dmng^ v^^^ 

thro one of which died of spina 

father died at 77 years of age of an unknown cause and the inother 
S 65 of W' Two brothers died from excessive use of one 

froAer a twm with the patient, died when he was 1 week old There are 
three brothers living and well During the first six months of his life the 



Fig 12 (Case 2) — ^Marchi stain X SO Showing an area of perivascular 
degeneration and accumulation of “Abbauzellen ” 

patient was weakly, but after that grew well and strong Had measles, scarlet 
fever, and diphtheria in childhood but was never seriously ill He had a Neis- 
serian infection about fifteen years and again eight years prior to examination, 
from which he recovered Denied having ever had syphilis For ten years the 
patient was a very heavy drinker, but said he had taken nothing during the 
previous six years In June, 1905, he was struck on the head by a bar which left 
no contusion or lump, though he regularly after that noted an occasional sharp 
pain in the top of his head Some four months later the scalp broke -and there 
was a discharge of a little pus, two weeks later the diseased area was cut 
out and in a short time his scalp was wholly well He had no other injuries 
1 ^®”®^9uence About the same time the patient noticed that he wanted more 
clothing for sleep than formerly At that time he had completed a hard three 



812 


H WOLTMAN 


ARCH 


da 3 's’ tramp m the rain, going almost whollj without food He said that 
he had never been well since He also noticed that he became more easily 
irritated than before During all this time he noticed no anemia Since then 
his health had varied somewhat and at times he would feel entirely well, and 
then, for a few days would have a vague sense of being unwell In November, 
1906, he noticed a beginning numbness in his fingers and in his toes, and in 
two weeks this sensation spread through the arms and legs to the body, where 
it had been present more or less ever since He also noticed trouble in walking, 
which bothered him a good deal for three months Always slept well until 
this time, but since then he had been bothered somewhat with insomnia About 
this time he began to be very pale and suftered some from shortness of breath 
He began taking cold water baths and massage and gained m weight from 
185 to 210 pounds, but caught cold, after -which he felt very sbre for two or 
three days and lost all the weight he had gained In March, 1908, he visited 



Fig 13 (Case 3) — Hematoxylin and eosm X 200 One of the sievelike 
areas occurring in the medullary substance This one was located near the 
sensory-motor area and contained a more or less necrotic center 

the Mayo Clinic, where his case was diagnosed as pernicious anemia For 
nearly a month he improved very much but again caught cold and lost all pre- 
vious gam Since then he had also had much pain in the base of his head and 
more recently between the shoulders and in the hands and arms There was 
also some numb feeling in the legs There were no shooting pains in the legs 
or cramps in the abdomen The bowel and bladder control was normal at the 
time of examination 

EAQinination — On examination the patient appeared to be extremely anemic 
and the skin had a lemon yellow hue His weight was 180 pounds There was 
a double inguinal hernia The patient walked with the greatest difficulty and 
It was not possible for him to stand with his feet close together The pupillary 
reactions were normal The tongue was distinctly tremulous, moderately coated 
and projected straight When first seen there was a marked increase in the 
patellar and Achilles tendon reflexes and objective tests revealed a little sen- 
sory disturbance There was an ankle clonus on both sides and a double Bab- 
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mski phenomenon Subsequently, though his anemia was growing steadily 
worse, his reflexes gradually approached normal, finally became diminished, and 
ultimately disappeared There was some diminution of touch and pain sensi- 
bility in the hands and in the feet, and a verj marked loss of joint sensibility 
in both the hands and the feet Toward the end he developed marked mental 
symptoms which began with some degree of mental sluggishness, and just 
preceding death developed into a distinct delirium ' His blood, examined on 
March 30, 1908, showed hemoglobin 47 per cent , red count 1,700,000, color 
index 1 3 + , 3,(K)0 leukocytes, a few myelocytes, and some anisocytosis April 6 
the hemoglobin was 47 per cent , April 11, 35 per cent , May 4, 57 per cent, 
and May 11, 53 per cent 

Neaopsy—Tht patient died Sept 8, 1908, necropsy being performed twenty- 
one and a ha'lf hours after death The notes showed the following The 
patient was a well developed person, with fair general nutrition The body had 



been injected with formaldehyd solution and contained scarcely any blood, all 

^vi les being filled with this artificial fluid There was well marked lividity 

1 ne heart was moderately enlarged and revealed a chronic valvular endo- 

caruitis of the aortic, bicuspid, and tricuspid valves Both left and right sides 

oi the heart contained large chicken-fat dots There was a moderate thick- 

^ing o t e intima of the aorta The spleen weighed 282 gm and showed, 

nicroscopically, a hyaline thickening of the blood vessels The kidneys appeared 

o De normal at necropsy, though microscopically they showed an occasional 

gjoi^erulus The lungs showed some thickening of the pleura and the 

0 1 contained a good deal of serum m the dependent portions of the lung 

a polymorphonuclear leukocyte The adrenal was the seat of 

in colof T?p’ hypernephroma The bone marrow was lemon yellow 

sLwp/ . 1 1 l Y gastro-intestinal tract were normal The pancreas 

anriov^PJ ^ P^'^^tary gland was somewhat co^S ed 

and showed a slight increase m connective tissue oongestea 
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Bi am — The dura was normal in appearance, the sinuses were practical!} 
empty, and there was no evidence of pacchymemngitis The brain was pale and 
gray-white in color There was a marked edema of the pia-arachnoid, but 
no opacity The contour of the brain and of the convolutions was normal in 
appearance The ventricles were of normal size and the ventricular walls were 
smooth and glistening Fixation was good The blood vessels at the base 
showed no evidence of arteriosclerosis, the w'alls being very thm and tender 
The spinal cord showed a marked combined sclerosis of the type seen in per- 
nicious anemia 

Weigert Sections Fioutal sections There is a certain amount of peri- 
vascular degeneration present In the medullary portion of the gyri, just under 
the gray layer, are found several small, circular, fairly sharply demarcated 
areas 01 to 0 2 mm in diameter There are about nine of these to the low 
power field A few are also noted m the gray layer Sections postenoi to 



Fig 15 (Case 5) — Hematoxylin and eosin X 200 Same area as above figure 
The substance filling the gland-like structure at the side of the vessel is seen 
to be filled with a hyalin-like material, basophilic in reaction, and resembling 
in all respects the material present in the perivascular space, from which it 
appears to have been crowded into the tissue Compare with Figure 10 


optic chiasnia There is a very definite area of perivascular degeneration 0 2 
by 0 4 mm in size m the centrum semiovale, also one in the corpus callosum 
The blood vessels appear to be normal Sections tiuough the middle of the crus 
Some fifteen to twenty typical Lichtheim placques are noted m each centrum 
semiovale, also a number in the corpus callosum These are about 2 by 3 mm 
m size, and are usually associated with the blood vessels In one instance a 
capillary is seen to be perfectlv normal in appearance to its point of bifurcation, 
where a large degenerated area is found, the entire structure resembling a 
palm tree, as shown in Figure 3 In the gray matter of the gyn one finds a 
few of the pale globular areas described in the preceding case Sections through 
the occipital lobes There is considerable perivascular degeneration present 
m many places throughout the white matter The sharply outlined circular 
areas, described as occurring m the medullary portions of the gyri, are found 
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hprp also Sections tbiough the pons In the right brachium conjunctivum a 
oenvascular area of degeneration can be seen Sections though the olives and 
^the dehoTe mlTs Perfectly typical Lichtheim foci of small size with dis- 
Iteam^e Td ballooning of the myelin sheaths are seen in both corpora 
reftiformes and in the pyramidal tracts In all other respects, these sections 
are normal in appearance 

Marchi Sections Frontal sections The small, circular, white areas seen 
m the Weigert sections just below the gray layer can be seen here as rela- 
tively pale areas There is a very slight and diffuse stippling throughout the 
section which is more marked in the fibers of the corpus callosum than else- 
where,' the major part of this, however, is probably pseudo-Marchi in character 
Sections through the optic chiasma These sections are practically normal in 
appearance except for a slight deposit of granules in the perivascular spaces in 
the gray matter Sections 0 5 cm postetior to the chiasma There is a definite 
though moderate degeneration in the fibers of the corpus callosum, the optic 



Fig 16 (Case 3) — Hematox 5 din and eosin X 200 Left pre-Rolandic gyrus 
Three areas of pericellular destruction are noted, the lower right hand one being 
reproduced at a higher magnification in the following figure 


tract IS also moderately degenerated and shows the perivascular space of one 
of Its blood vessels filled with an accumulation of pigment Sections though 
^ ^ stippling IS noted throughout the section, which is uniform and 

which may not exceed that seen in a normal case There is, however, a very 
distinct, though rather slight degeneration of the fibers in the optic radiations 
ihe blood vessels throughout the section show a slight deposit of pigment in 
the perivascular spaces Surrounding some of the blood vessels, both in the 
gray and in the medullary portions, is a pale halo This is probably the counter- 
part ot the light perivascular areas seen in the Weigert sections Sections 
oc«/>ifa/ lobes The degeneration in this portion of the brain is more 
dehnite than that seen further forward A number of blackened areas can be 
seen occurring about some of the capillaries of the medullary substance which 
fhl degenerated nerve fibers and "Abbauzellen ” Sections through 

Thpr.!'/ ovei lying cerebellum, cutting through the dentate nucleus 

ere is a striking degeneration in both corpora restiformes, which is more pro- 
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nouncecl on one side than on the other, in which there appears a marked balloon- 
ing of the fibers, together with an extensive deposit of Marchi granules There 
IS also a definite, though less intense, degeneration in the fibers of the pj ramidal 
tract, together with a slight, diffuse degeneration of the remaining portion of 
the medullary substance In the Mcinity of the dentate nucleus, particularly 
among the descending fibers one also sees some degenerating fibers Sections 
thiough the pons, at the level of the decussation of the fourth nerve There 
IS a somewhat diffuse degeneration of moderate intensity in the fibers of the 
pyramidal tracts, in the median and lateral lemimsci, in the substantia reticu- 
laris, and in the decussating fiber of the fourth nerve The blood vessels in 
these areas show a moderate amount of pernascular deposit A smaller and 
somewhat thinner section taken through the temporal lobe shows probably some 
increase in the pigment of the cells, some of them, particularlv those in the third 
temporal convolution, being almost a solid black The majority of cells, how- 
ever, do not contain ani' excess pigment The degeneration of the short com- 



Fig 17 — X 500 Showing in greater detail the pericellular area of tissue 
change The pyramidal cell itself is practically normal in appearance Two 
satellite cells are seen 

missural fibers is apparentl} just as marked as is that of the longer fibers, and 
in the case of the third temporal convolution, there appears to be no more 
degeneration of the fibers than is seen elsewhere in the section A longitudinal 
section of the internal capsule shows a slight, rather diffuse degeneration of 
these fibers, the blood vessels show only very slight perivascular deposits 

Bielchowsk}”^ Sections In the Bielchowsky slides one sees rather poorly 
defined elongated areas, which are paler than the surrounding tissue and which 
are usually, though not invariably, associated with blood vessels, as becomes 
evident from a study of the serial sections These areas are formed by a 
rather pale staining, somewhat granular, flocculent material , the approaching 
axis cylinders are seen to become pale, wavy, granular, and finally disintegrated 
A number of apparently normal fibers can usually be seen passing through these 
areas Sections taken from the thalamus are normal, except for the presence 
of a perivascular area similar to those just described 
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The glia fibers and gha cells of this bram are perfectly normal in appearance 
In sections stained with hematoxylin and eosin, one sees a number of pale 
areas, of uncertain definition, in which the fibrillar structure is seen grouped m 
somewhat coarse, wavy bundles These areas are particularly numerous in the 
Rolandic and occipital areas of the bram, and probably correspond to the lighter 
areas seen m preceding sections Some of these show a rather diffuse increase 
m gha cell nuclei Sections stained with thionm and toluidin blue show the 
pyramidal cells to be practically normal in appearance, save for a slight tigro- 
lysis and occasional eccentricity of the nuclei In the right Rolandic area one 
sees a moderate amount of satellitosis Twm instances of axonal degeneration 
were found in sections selected from the left precentral gjTUs In the right first 
temporal gyrus is seen a blood vessel filled with polymorphonuclear cells The 
cerebellum appears to be perfectly normal In some of the overstained sections 
seen in the marginal gray layer, pale, more or less circular areas , these 



Fig 18 (Case 3) — Hematoxylin and eosm X 500 Pre-Rolandic gyrus, 
superficial large pyramidal cell layer Two pyramids are shown, in different 
degrees of degeneration, the lower one being only moderately involved, while 
the upper one shows a more marked destruction A neuronophage is seen in 
the lower cell also 


not infrequently have in their center a nerve cell which shows sometimes slight, 
at other times very marked, evidences of degeneration Only one such area 
containing a cell was found in the bchtgt uenfiichstn preparations, the cell being 
perfectly normal in appearance Four or five similar areas were found, though 
no cell could be seen in their center No fuchsmophilic granules could be found, 
all the cells being apparently normal 

Case 3 (Necropsy 767) Htstoty — G W S , aged 40, married and a house- 
wife, presented herself for examination May 20, 1908 The father died at the 
age of 78 and the mother of some intestinal trouble, which may have been 
tuberculosis There were three sisters living, one of whom had diabetes There 
IS some neurotic tendency in the family, and the patient herself had been ner- 
vous for the previous three or four years, and the previous winter began 
exercising She incidentally took cold and subsequently there developed a sen- 
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sation of needles being pricked into her back and also a sensation in the 
foot as though the arch were falling There later developed a feeling of weak- 
ness and numbness in the legs, which in the course of time reached her knees, 
thighs, and back The patient gradually grew very much weaker and finally 
died, a diagnosis of pernicious anemia having been made Unfortunately there 
was no full record of her examination at hand , it was known, however, that the 
patient showed a very marked increase in her patellar reflexes 

Neaopsy — A necropsy was performed Sept 20, 1908, the record of which 
follows The body is that of an adult, well developed, but considerably emaci- 
ated female Rigor mortis is well marked and there is slight Iividity The 
sacrum is a site of a moderate sized bedsore The abdominal, pleural and 
pericardial cavities contain no fluid The lungs are normal in appearance except 
for a few small areas of anthracosis and a number of peribronchial lymph nodes 
The heart is normal in size, rather flabby and shows no evidence of endo- 



Fig 19 (Case 3) — Hematoxylin and eosin X 500 Two pyramidal cells of 
the left superior temporal gyrus, surrounded by a zone of pallor, undergoing 
disintegration, only a trace of the pyramid to the right remaining 

carditis The spleen is moderately increased in size and cuts with increased 
resistance In the kidneys of both sides are a very few small infarcts , the 
pyramids are distinctly congested, and the capsules, though somewhat thick- 
ened, strip readily Microscopically are seen a few areas of hemorrhage and an 
occasional sclerosed glomerulus , scattered throughout the section are many 
foci of lymphoid cells The liver shows some cellular infiltration of the border 
connective tissue, but is otherwise normal in appearance The spleen is prac- 
tically normal save for some congestion and a hyalin thickening of the vessel 
walls There are some adhesions between the right ovary and the intestine 
The adrenals, pancreas and gastro-intestinal tracts present no pathologic changes 
Cultures from the heart blood, spleen and li\er showed a growth of Staphylo- 
coccus pyogenes aureus in all 

Biatn — ^The scalp and the skull are normal The dura is free, practically 
normal in appearance, and the sinuses almost empty The brain is of a very 
pale, grayish-white color The i essels at the base are perhaps a trifle thickened 
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and stand open, but there is no atheroma present and they feel soft The 
choroidal vessels are normal in appearance The pia arachnoid shows consid- 
erable edema and is slightly opaque The convolutions are perhaps a trifle 
shrunken and the sulci a little deep over the convexity The ventricular walls 
are smooth and glistening There is possibly some dilatation of both ventricles, 
the left being a litle more dilated than the right The spinal cord shows a 
very marked subacute combined sclerosis, such as is seen typically in cases of 

pernicious anemia ^ . 

Weigert Sections Frontal aiea Two or three small but characteristic 
areas of degeneration, such as are found in the spinal cord, are seen in this 
section, which are unassociated with blood vessels Surrounding a blood vessel, 
which was cut longitudinally, is seen an area of disintegration of the myelin, 
which IS present in only a limited portion of its course, the rest of the surround- 
ing tissue being normal in appearance, as shown in Figure 4 In the medullary 
substance, under the cortical layer of gray matter, are seen a number of more 



Fig 20 (Case 1) — Ramon y Cajal’s gold stain for glia cells X500 Illus- 
trating the massive and wavy glia cell processes noted in some of the brains 


or less circular areas of degeneration about 2 mm in diameter, similar to those 
described in the preceding case In certain locations they appear to push aside 
somewhat the radu passing into the gray matter Sections passing through the 
postenoi poHion of the optic chiasma The right temporal lobe, the island of 
Red, and to a less extent the internal and external capsules, are rather pale 
and uni^rmly gray in color In this area there is seen a marked increase in 
me nurnber of small blood vessels, all of them being 1 mm or less m diameter 
i he inferior temporal gyrus on this side is in part definitely softened, with 
cavity formation The perivascular spaces are seen to be enlarged and filled with 
a granular debris The temporal lobe on the left shows a somewhat similar 
change, s^e that the softening is less advanced, and the myelin more deeply 
stained the blood vessels in this locality are present m somewhat increased 
numbers and are comparatively large, some of them up to 2 5 mm in diameter 
Many of these vessels are surrounded by diffuse areas of degeneration which 
are elongated in the course of the nerve fibers The other findings are very 
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much as in the preceding section Sections tiuough the middle of the ctns 
The same area of diffuse, partial softening is noted in the right temporal lobe 
and presents the same characteristics noted above This also holds true for 
the left side, though the blood vessels here are somewhat smaller Ballooning 
of the fibers can be seen m many of these areas The small circular areas, 
described as occurring m the medullary portion of the gyri, are seen here also 
Occipital area The diffuse area of degeneration on the left side is seen in 
this section to extend from the lateral wall of the ventricle toward the periphery, 
where there is a margin of apparentl}' normal tissue There is some dilatation 
of the blood vessels m all portions of this section Sections thiough the ceie- 
bellum In several of the laminae of the cerebellum are seen one or more pale, 
fairly well defined circular areas which resemble those described m previous 
sections Sections through the pons and the cetebellmn Except for the find- 
ing noted m the preceding section the tissue was apparently normal 

Marchi Sections Ft ontal ai ea Grossly there are seen in the superficial gray 
lajer a number of light points which are usually circular, though sometimes 
elongated and branched, as though accompanying blood vessels Microscopically 
there appears some diffuse stippling which, however, is probably pseudo-Marchi 
in pharacter No recent areas of degeneration can be detected Slight pen- 
vascular accumulations are present here and there The cells of the cortex 
contain about the normal amount of pigmentation Sections thiough the chtasma 
In the white matter are seen areas which are paler than the surrounding tissue, 
and which resemble in their general outline those seen m the Weigert sections 
These are present in considerable numbers, particularly m the centrum semi- 
ovale Microscopically, very marked degeneration is seen, which in places 
appears in the form of very small foci which probably represent the earlier 
stages of the Lichtheim plaques As a rule these are associated with blood 
vessels, though this is not always evident In these areas swollen fibers appear 
in great numbers and in all stages of transition from the blackened fibers to 
those completely disintegrated into fat droplets “Abbauzellen,” which contain 
these droplets as very fine, dustlike particles, can be seen surrounding some 
of the capillaries m great numbers Sections through the level of the cuts 
There is a moderate amount of rather diffuse disintegration m the substance 
of white matter, particularly in the fibers passing through the internal capsule 
and in the corpus callosum The pyramidal cells of the marginal gray are m 
places rather deeply pigmented , this is especially marked in the gyrus cmguh 
where m many instances the entire cell seems to be wholly filled with pigment 
globules varying greatly in size As far as the lighter areas of the gray matter 
are concerned these are also found, in very few numbers, however, in the 
basal ganglia, the island of Red being more or less free from them Occipital 
area A rather marked degeneration is present throughout the medullary 
substance Blood vessels, which appear to be numerous and dilated, show a 
considerable amount of perivascular accumulation Sections thiough the pons 
at the level of the coipoia quadrigemina infenoi These sections are practically 
normal m appearance, save for a slight amount of perivascular deposit 

Bielchowsky Sections In the Bielchowsky sections in the marginal grav 
layer are seen fairly numerous, pale, more or less circular areas with margins 
that are somewhat poorly defined The centers of these areas are traversed 
bi’’ fibers which become paler as they pass into them from the surrounding tis- 
sue, often being lost m the relatively structureless center The frequency with 
which pyramidal cells are seen to occupy the centers of these areas, forces the 
conclusion that they must m some manner be related to the so-called peri- 
cellular lymph space of Obersteiner Unfortunately the intracellular fibrilh 
failed to stain clearly in these sections, though the cells, in other respects, 
appear to be about normal Similar areas, though in lesser numbers, are also 
seen in the medullary substance, where the)" might be likened to localized patches 
of edema, giving the structure a more or less sievehke appearance 
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The slia fibers and cells appear in this brain to be perfectly normal and 
show httle, if any, eMdence of reaction even in the vicinity of the softened 

areas in the left temporal lobes i r j i ^ 

In section stained vith hematoxylin and eosin, the pale foci described in 
the preceding sections of this case can be studied particularly well They are 
most numerous in the gray layer overlying the gyri, appearing in numbers as 
high as SIX to ten to the low power field of the microscope, and found to be 
most numerous in the convolutions of the temporal lobe They are seen, as 
a rule, to be more or less circular, then usually surrounding a pyramidal cell 
or somewhat elongated, in which case thej generally follow the course of a 
vessel The cells themselves which are found within these areas, not infre- 
quently show degeneratne changes Somewhat larger patches, though similar 
in other respects, are found m the medullary substance of the gj^ri Within 
the right temporal lobe is found an area of softening with a cavity about 1 cm 
m diameter, surrounding which is a diffuse zone which shows evidence of meso- 
dermal reaction There are also seen m this portion of the cortex numerous 
hemorrhages of small size The internal capsule and basal nuclei appear to be per- 
fectly normal In the thionin and toluidin blue sections the foci which have been 
described as occurring in the marginal gray layer can be studied to the best 
advantage All stages of their formation, from their very incipiency, in which 
there appears a very narrow haze surrounding some of the pyramidal cells, 
to their fullest development, in which they appear as a broad halo surrounding 
the cells more or less concentrically, can be traced The cells themselves, in 
some instances, appear perfectly normal, m others there is seen a rather marked 
tigrolysis and eccentncih of the nucleus, and in still others is noted in addi- 
tion, a varying degree of vacuolization One of these cells showed a very 
marked degree of tigrolysis, loss of cell processes, marked vacuolization, partial 
extrusion of a swollen, rather deeply stained and ill defined nucleus with a 
pale nucleolus enlarged about three times its normal size, and eight satellite 
cells, four of them neuronophages In another instance this area surrounded 
the base of one of the larger pyramidal cells which showed tigrolysis and a 
moderate degree of vacuolization These changes are most marked in the 
second pyramidal layer The size of the surrounding area and the degree of 
destruction of the cell seem to bear no definite relationship toward each other , 
however, those cells which show the highest degree of disintegration are 
usually surrounded bi halos of considerable size A good many of them are 
found in which only the residue of a destroyed pyramidal cell can be seen 
This change is most marked in the temporal lobes, though the right and left 
frontal, the right and left Rolandic, and the right and left occipital gyri all 
show It to some degree In a section of the left calcarine area is found, in the 
layer of stellate cells, a circular, rather deeply staining, more or less coarsely 
granular area about SO microns in diameter, which is in turn surrounded in 
about four fifths of its circumference by a very narrow reef of similar material 
The whole structure looks as though it might have been derived from disin- 
tegrated glia cell nuclei, and, although it does not correspond in all of its 
details to the foci described by Schroeder, it was the only lesion found in any 
of these brains which approached in appearance the plaques described by him 
Aside from these changes, which are ^ery obvious, the majority of cells show 
httle in addition to a certain amount of tigrolysis, some eccentricity of the 
nuclei, which in certain instances are more deeply stained than normal, and 
a fairly marked degree of satellitosis In a few instances there is complete 
disintegration of the cell All of these changes occur with greatest frequencv 
in the second and third piramidal cell lay^ers The sievelike areas, described 
in preceding sections as occurring in the medullary portion, are found here 
also, but present no additional features In no instance does there appear to 
be any increase m the glia cell nuclei Near one of the capillaries m the left 
internal capsule there is found a clump of streptococci without evidences of 
surrounding tissue reaction 
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Cells which present a moderate number of fuchsinophihc granules are fairly 
numerous, though none found within the pale areas of the gray matter are 
seen to contain them 

Case 4 — (Necropsy 142587) " H W L first visited the clinic Oct 4, 1915 
He was 48 years of age, married, and a farmer His health in the past had 
been good, save for some chronic pain for twenty-five years in his knee which 
had a number of lumps on it About two years previously an operation had 
been done on the knee, from which two calcareous masses, the size of a 
flattened plum, were removed Soon after this he noticed that he was grow- 
ing weak, that the color of his lips and nails was pale, and that his feet and 
hands became somewhat numb His appetite was also poor and he became 
gradually weaker, lost in weight and was generally run down, but was not com- 
pelled to go to bed July, 1914, he noticed that he would become dizzy on 
slight exertion and that his heart would palpitate easily At about this time 
he was operated on for some stomach distress, which resulted in a negative 
exploration After the operation he felt somewhat better and did some work 
m the fall of 1914 In December, however, he was compelled to go to bed 
where he remained for three months on account of weakness, after which he 
regained strength and was able to be up and about, off and on, until one month 
prior to his examination Since then he had been bedridden and suffered from 
profound weakness He also had some vague gastric distress but no hemor- 
rhages, he had no appetite and, a month previously vomited every evening for 
a week Fowler’s solution and Blaud’s pills had been administered There 
were no genito-unnary complaints 

Examination — The physical findings showed a marked pyorrhea There was 
extreme weakness, pallor, and much loss of weight which could not be accu- 
rately secured on account of his weakened condition The systolic blood pres- 
sure was 80, the diastolic 20, and the pulse 100 In the calf of his right leg 
there was a muscle stone the size of a flattened plum The blood examination 
on October 4 showed 18 per cent hemoglobin, 1,030,000 red cells, color index 
0 8 +, and 4,600 leukocytes A differential count of 300 cells was made, which 
showed 47 3 per cent polymorphonuclears, 46 3 per cent small lymphocytes, 
4 3 per cent large lymphocytes, 1 7 per cent eosinophils, 0 3 per cent basophils, 
2 normoblasts, moderate amsocytosis, slight poikilocytosis, a moderate granular 
degeneration of the erythrocytes, and slight polychromatophilia The hemo- 
globin during October showed on the seventh, 28 per cent , the eighth, 27 per 
cent , the eleventh, 45 per cent , the thirteenth, 38 per cent October 6, one pint 
of blood was transfused November 4, the blood count was as follows 30 per 
cent hemoglobin, 2,000,000 red cells, 07+ color index, 8,600 leukocytes, with 
a differential count of 39 7 per cent polynuclear neutrophils, S3 per cent small 
lymphocytes, 5 7 per cent large lymphocytes, 1 3 per cent eosinophils, 0 3 per 
cent basophils, 36 normoblasts, moderate amsocytosis, slight poikilocytosis, and 
polychromatophilia The diagnosis of pernicious anemia was made October 
15, a splenectomy was performed, at which time it was noted that gallstones 
were present, but these were not removed 

The patient returned June 20, 1916 On leaving, in October, the patient 
returned to his home and spent most of the time in bed, being quite weak He 
was bothered a great deal with palpitation of the heart on little exertion His 
legs were very unsteady and sensation in his feet was diminishing 

Neurologic Exaimnahon — A neurologic examination, made July 5, showed 
the right pupil to be larger than the left A watch was heard 4 inches from 
the ear on the left, and a normal distance of 30 inches on the right Touch, 
pain and temperature were slightly impaired over the face, as compared to the 


2 The clinical data and the pathologic material of the following case were 
obtained through the kindness of Drs Walter D Sheldon and Wayne W 
Bissell of the Maj'O Clinic, Rochester, Minn 
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chest The muscles were uniformly weak Tactile sensation was very 
diminished m the fingers and moderately diminished below the wrist padually 
increasing to normal above the mid forearm It was almost completely absent 
in the feet was moderately impaired above the ankles and increased gradually 
to normal, 6 inches above the knees Pam sensibility was modetately impaired 
in the hands, increasing to normal as in touch In the toes it was almost 
completely absent, increasing gradually to normal above the knees Tempera- 
ture sensation was moderately impaired in the hands, increasing to normal as 
in touch, and somewhat more impaired in the feet, increasing as above Vibra- 
tion sensation, tested with a tuning fork of 256 v , was absent over all bony 
prominences below the third lumbar spine Joint sensibility was normal in the 
fingers and slightly impaired in the toes Muscle pain sense was normal The 
biceps, triceps and supinator reflexes were very active The upper, middle and 
lower abdominal reflexes were normal on the right and moderately impaired 
on the left The patellar tendon reflexes were normal, as was the left Achilles 
tendon reflex, the right being obtained only on reinforcement There was a 
rather marked Romberg The gait was slow and weak Speech was slow, 
but otherwise normal Coordination was normal in the finger-nose test and per- 
haps slightly impaired in the heel-knee-toe test There was no tremor A 
diagnosis of subacute combined sclerosis was made The patient was trans- 
fused three times, first on June 25, when 500 cc of blood were transfused by 
the sodium citrate method, then, July 17, when the same amount was trans- 
fused, and again on August 9, when 600 c c were transfused An examination 
of the duodenal contents showed the same to be dark yellow in color and gave 
the following values, estimated by the Schneider method Bilirubin -k -|- -k, 
urobilinogen (3 4X200) 700, urobilin (5X200) 1,000, making a total of 
1,700 units 

Aug 22, 1916 A full neurologic examination at this time was impossible 
on account of the patient’s weakened condition When seen he had jerking 
movements of the right arm which came on every few minutes Relatives 
said that this was also present in the left arm and both legs and even in the 
head and body There was subjective numbness in the arms to the elbows, 
and in the body below the^belt The right pupil was larger than the left, and 
immobile to light, which may possibly be accounted for in part by the morphin 
which was required to allay the acute excitement from which he at times suf- 
fered Pin pricks were felt in the fingers and in the toes, further than this 
sensation could not be tested There was no definite paralysis anywhere, though 
the general weakness was extreme Reflexes in the arms were moderately 
increased, the knee jerks were active, the Achilles tendon reflexes were very 
active The plantar response was uncertain There was a marked fluctuation 
in attention 

NecJopsy — The patient died Aug 25, 1916 The following findings in the 
order of their importance, were abstracted from the necropsy report 

There is a very marked general anemia with marked pallor of the tissues of 
the body, of the brain, and of the spinal cord A marked hyperplasia of the 
red bone marrow in the ribs and in the bodies of the vertebrae is noted There 
changes present in the myocardium, producing the so-called 
thrush breast’ heart, in the pancreas, kidneys and liver The spleen is absent, 
^ accessory spleen is found The proximal end of the splenic vein 
and the distal end of the splenic artery are occluded by scar tissue Healed 
atrophic scars are present in the midlme and in the left rectus region Fibrous 
adhesions are found between the great omentum and the peritoneum, adjacent 
to the left rectus laparotomy wound, and between the transverse colon and the 
midline laprotomy scars There is a moderate nodular fatty change in the 
ining of the aorta and m the aortic and mitral valvular leaflets The distribu- 
lon of the yellow material of the adrenal cortices is uneven A slight hypostatic 

dependent portion of the right lung and a moderate 
bilateral hypostatic edema and hyperemia of both lungs are present, and slight 
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petechial hemorrhages are found in the visceral pleura of the dependent portions 
of both lungs There is a marked hyperemia and a hyperplasia of the mesenteric, 
retroperitoneal, biliary, lateral lumbar, and iliac lymph nodes A white stellate 
scar in the mesentery of the small bowel is noted The costal cartilages show 
a partial ossification The mastoid and petrous temporal bones are unusually 
cellular There is an absence of two toes on the left foot and an atrophic scar 
IS present over the right knee The head is partly bald and the teeth are absent 
A large persistent membraneous Eustachian valve is seen The prepuce is 
redundant and there is a slight phimosis Sections from the liver for histologic 
examination show a slight congestion, marked fatty degeneration, and small 
areas of focal necrosis The heart shows very marked fatty changes The 
^ pancreas is normal The adrenals show a moderate amount of fat The lungs 
show a bronchial pneumonia There is a chronic interstitial nephritis and the 
kidney tissues are infiltrated with leukocj’tes Muscle tissue from the chest 
wall IS negative The weight of the spleen is 558 gm and there is a slight 
chronic splenitis with cellular degeneration and a perisplenitis 

Weigert sections of the spinal cord are practically normal in appearance, with 
the exception of possibly a little thinning out of the fibers in the posterior 
columns in the upper thoracic portion The Marchi sections of the spinal cord 
show a very extensive and comparatively recent combined sclerosis, such as is 
found in cases of pernicious anemia, the degeneration being most marked in the 
lower cervical and in the upper thoracic segments 

Btam — The dura is normal in appearance, though very pale, and the sinuses 
are empty The brain is almost a pearly white, the size and the contour of the 
gyri being normal in appearance The leptomemnges show a moderate amount 
of edema and are very slightly clouded The ventricles appear to be normal 
The arteries at the base show a very slight degree of thickening but no atheroma- 
tous changes ’ 

Weigert Sections Fiontal sections Five or ten foci, of the type found in 
the spinal cord, are seen in the medullary substance of these sections, some of 
them being related to blood vessels while others were not, so far as could be 
determined Sections cutting tJiiaugh the biam just posteiioi to the chtasnia 
With the unaided eye one can see a half dozen or more areas of pallor, ranging 
in size from 1 5 mm to 3 or 4 mm m diameter The largest of these are seen 
in the white matter of the third frontal convolution on the right side , another, 
3 mm in diameter, is seen located near the middle of the corpus callosum and 
still two others of about the same size in the temporal lobe on the left A dis- 
tinctly pale area, somewhat triangular in shape, and about 2 5 mm in diameter, 
IS seen at the juncture of the inner and outer portions of the right globus 
pallidus, just above the anterior commissure Under the microscope, these 
foci appear in large numbers and vary considerably in size and shape, most of 
them being independent of blood vessels The area in the globus pallidus is 
seen to be caused by a destruction of the medullated fibers passing through that 
portion and a paling of the surrounding graj' matter Sections thtough the crus 
Twenty or thirtj such areas can be seen with the unaided eye, located in the 
white matter These resemble the plaques described above, save that they are 
more numerous, though somewhat smaller Marked ballooning of the fibers 
IS noted The plaques themselves present very irregular margins and are 
elongated in the direction of the fibers, some of them give evidence of having 
become enlarged by fusion of two or three separate areas Sections tluough the 
occipital lobes Some fifteen to twenty of these plaques can be seen grossly 
These are distributed more or less uniformly throughout the white matter, 
though the fourchette contains relatively more of them Sections through the 
middle of the pons are perfectly normal in appearance 

Marchi Sections Sections thiough fiontal lobes at the level of the genu 
of the corpus callosum There is a diffuse degeneration of moderate intensity 
throughout the section, with a corresponding degree of perivascular accumula- 
tion A few foci appear in which the degeneration is particularly marked The 
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corpus callosum shows no more degeneration than is seen in other parts of 
the section The cortical cells of the gray matter contain the normal amount 
of pigment Sechons tJu ough the chwsma This section shows the same changes 
as the one just described, the fibers of the internal capsule sharing in the degenera- 
tion Sections passing thiough the ham 15 cm posteuoi to chwsma There 
IS a very extensive degeneration, rather general in its distribution, throughout 
the medullary portion of the section This degeneration becomes somewhat 
more marked in the vicinity of the corpus callosum and of the pyramidal tracts, 
where the fibers appear swollen and sometimes resemble chains of beads In 
the centrum semiovale, both right and left, a number of very small deposits of 
blackened granules are found, which presumably represent early stages of dis- 
integration corresponding to the Lichtheim foci There is also some perivascular 
deposit present In general, the cells of the marginal gray, as well as those of 
the basal nuclei, appear to be normal Sections through the cuts Grossly, one 
can see a number of lighter foci in the medullary substance, which probably 
correspond to some of the areas seen in the Weigert sections There is a 
diffuse and very well marked degeneration present which seems to be almost 
as intense in the short association fibers going from one gyrus to another as it 
IS in the longer commissural tracts, the degeneration being little more marked 
m the corpus callosum and the crus than elsewhere While some of the cortical 
cells appear excessively pigmented, the average amount of pigment probably 
does not exceed the normal Occipital sections With the unaided eye the same 
pale areas appear in these sections as already noted, which microscopically, at 
times, show a pigment deposit at their peripheries As in the preceding section, 
so here, we find a well marked and diffuse degeneration of the white fibers , 
this is particularly intense in the fibers of the splenium and of the optic radia- 
tions Perivascular accumulations are commensurate with the degree of degen- 
eration noted In the cells of the gray layer, overlying some of the superior 
convolutions, one can note a considerable amount of pigment, the degeneration 
of the white fibers springing from this poition of the cortex is, however, not 
more marked than that occurring in the fibers located in the medullary rays of 
other convolutions Sections though' the ceiebelhim There is a moderate 
degree of degeneration in practically all of the cerebellar laminae, with a corre- 
sponding deposit of detritus in the perivascular spaces There appears to be 
no abnormal pigmentation m any of the Purkmje cells Sections through the 
pons at the level of the decussation of the fourth net ves There is a very definite 
and rather marked degeneration in the fibers of the median lemniscus, as well 
as a rather moderate amount of degeneration in the decussating fibers of the 
fourth nerve A slight degree of degeneration is also observed in the reticular 
formation, in the fibers of the posterior longitudinal bundle, and in the pyramidal 
tracts, in these structures, however, the degeneration is very slight in degree 
and of questionable significance Other structures appear to be practically nor- 
mal Sections through the cord immediately below the pons There is a definite, 
though slight, degeneration present in the location occupied by the spinocerebellar 
tracts, particularly on one side The remainder of the section, though showing 
a slight stipphng, is probably negative Sections through the olives A fairly 
well marked degeneration is noted in the location occupied by the spinocerebellar 
tracts and a somewhat less marked but more recent change in the fibers of 
the median raphe The fibers of the pyramidal tracts show a still less, though 
quite definite, degeneration 


Bielschowsky Sections In the Bielschowsky sections a number of foci, about 

are oval, the long axis lying in the direction 
ot tne libers These show in their centers a marked thinning out of the axis 
cylinders, so that only a few of them are seen here, compared to the number 
^en in the surrounding tissue In the thalamus a very similar area is noted 
me cells appear to be normal and the neurofibnl stain fairly satisfactory As 
een in the Ramon y Cajal gold sections, the glia fibers appear to be more 
massive, wavy, knotted and irregular in contour than is noted in any of the 
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control sections The hematoxylin and eosm sections show a number of foci 
in the white matter which resemble localized patches of edema, in that the 
fibrillar structure is here somewhat crowded aside and the mterfibrillar meshes 
enlarged In one case, the center is formed by a more or less structureless and 
apparently necrotic mass In all other respects the sections appear to be normal, 
and nowhere is an increase in gha cell nuclei apparent 

In sections stained with thionin and toluidin blue, particularly those chosen 
from the right and left Rolandic areas, and somewhat less so in those from the 
temporal areas, are seen numerous areas which resemble the foci described m 
the hematoxylin and eosm sections, save that the change is earned still further, 
the entire structure resembling a gland The pyramidal cells, on the whole, 
are practically normal m appearance, save for a slight degree of vacuolization 
and some satellitosis A number of the cells show changes which are somewhat 
more marked , thus, in one cell there is a perinuclear tigrolysis, the nucleus being 
stained a deep blue and the nuclear membrane very indistinct This cell some- 
what suggests the picture seen m axonal degenerations The Nissl bodies, 
however, are, in general, well preserved In the Ltchtgruenfuchsin sections a 
few pyramidal cells are noted which contain a small number of fuchsmophihc 
granules, a number of others, however, are literally packed with large-sized, 
brilliant red granules The blood vessels are normal m appearance and the 
vessel walls uniformly thin 

Case 5 — (Necropsy 16-15 ) History — S O H, 51 years of age, Norwegian, 
single, was admitted to the hospital on the medical service Sept 24, 1914 He 
was born in Wisconsin where he lived for three years, and then came to Minne- 
sota where he lived most of the time For twenty years he was a storekeeper 
in a small town, but the past year changed his occupation to that of selling 
postcards His average weight was 200 pounds, which in the last four years 
decreased to 150 pounds The father died at 60 of kidney trouble and the mother 
at 50, presumably of heart disease The patient had four brothers, two of whom 
were living and well, the other two were said to have had fits and died m the 
attacks when young men There were four sisters, one living and well and 
three dead from unknown causes The patient generally slept well and his 
appetite had been good until recently The bowels had been severely constipated 
most of the time He did not use tobacco and denied using drugs Up to three 
years previous to examination he used alcohol to excess, but the last few years 
took only an occasional glass of beer Eight years prior he contracted gonorrhea, 
which became chronic, discharging for at least two years As a boy he was 
always healthy, but when he grew up his stomach began bothering ’him off and 
on, the attacks of gastric distress coming on after drinking hard and lasting for 
about a week He had about two of these attacks, on the average, in a year 
He was otherwise well until the present trouble began About two years pre- 
viously he began having rheumatic pains in the feet which gradually worked 
up the legs into the body He also had frequent attacks of gastric distress, which, 
however, were no longer associated with drinking His feet became numb and 
in the previous summer he noticed that he would frequently stumble at night 
or, if he turned quickly, would fall There was also a sensation of oppression 
around the abdomen which was accompanied by general pain and tenderness 
Although these symptoms have been gradually growing worse, the patient was 
able to continue working until September 23, the night before he entered the' 
hospital 

Physical Examination — A physical examination showed the patient to be 
fairly well nourished, but very pale and somewhat yellowish in color, with a 
slight puffiness under the eyes There was a marked pyorrhea, and most of the 
teeth were missing and replaced by plates A slight eczema marginatum was 
present on the penis and scrotum There was also some edema present in the 
legs Aside from this, physical examination was practically negative The 
blood pressure was 100 svstolic and 72 diastolic A urine analysis, made 
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Seotember 25, showed nothing abnormal, November 25 it was found to contain 
a trace of albumin and some leukocytes December 19 an analysis showed 
urobilinogen 3 + and urobilin 3 + , there were no ammo-acids present Exami- 
nations of the stool December 18 and 28 revealed no ova or parasites A 
Wassermann test of the blood was negative The spinal fluid showed a Nonne- 
Appelt Phase I negative, four small lymphocytes to the cubic millimeter 
and negative Wassermann The results of the blood examinations were as 
follows September 25, 80 per cent hemoglobin, 5,000 leukocytes, October 7, 
80 per cent, hemoglobin, 8,200 leukocytes, 4,900,000 red cells, marked anisocytosis, 
marked po’ikilocytosis, and slight polychromatophiha , October 20, 75 per cent 
hemoglobin, 6,400 leukocytes, 4,700,000 red cells, November 7, 55 per cent 
hemoglobin, 6,700 leukocytes, 2,000,000 red cells, and a color index of 137, 
November 19, 50 per cent hemoglobin and a differential count of 74 per cent 
polynuclear neutrophils, 23 per cent small lymphocytes, 2 per cent mono- 
nuclears, 1 per cent eosinophils, November 30, 50 per cent hemoglobin, 5,700 
leukocytes, 1,900,000 red cells, and a differential count of 74 per cent polynuclear 
neutrophils, 24 per cent lymphocytes, and 1 per cent eosinophils, December 7, 
30 per cent hemoglobin, 3,500 leukocytes, 1,500,000 red cells, poikilocytosis, 
anisocytosis, and megaloblasts , December 20, 35 per cent hemoglobin, 3,000 
leukocytes, January 2, 1915, 4,000 leukocytes, 1,400,000 red cells, February 5, 
35 per cent hemoglobin, 4,100 leukocytes, 752,000 red cells 

Ncuiologtc Examination — The neurologic examination disclosed the follow- 
ing The nose was normal to inspection and the sense of smell, as tested 
with perfume, soap and other articles on his stand, normal The patient could 
read bold faced type of about 5 mm , but could not read finer print of 2 mm 
The field of vision was normal to a rough test There was no strabismus, 
exophthalmos or diplopia A slight horizontal nystagmus, which developed on 
looking toward the extreme right or left, coming on after a slight fatigue of 
the occular muscles, was noted The movements of the eyes were normal in 
all directions and convergence was good The pupils were circular, equal in 
size and moderately contracted, with a normal reaction to light and accommoda- 
tion, both direct and consensual Sensation over the distribution of the fifth 
was normal for touch, pain, and pressure The corneal and conjunctival reflexes 
were normal Movements of*the jaw, both horizontal and vertical, were normal 
in amplitude but somewhat deficient in power The patient could wrinkle his 
forehead, close his eyes, and move his lips normally, save that in showing his 
teeth the left angle of the mouth was retracted a little further than the right 
The ears were normal to inspection and hearing slightly impaired, the Weber, 
Rmne, and Schwabach tests were normal There was no tinnitus and the 
patient rarely had vertigo, which might come on when the patient attempted 
to sit up There was no difficulty in phonation, breathing or swallowing The palate 
moved normally and the palate and pharyngeal reflexes were present Pulse was 
normal in rate The sterno-mastoid and trapezius muscles were normal, save for a 
slight deficiencj in power The tongue was protruded in the midline, showed no 
atrophy or fibrillation, but presented a slight general tiemor, with slight impairment 
in power There was subjective prickling of the fingers and of the toes Sensa- 
tion, as tested with cotton, appeared to be diminished on the palmar surface of the 
right hand below the level of the wrist and on the dorsum, below the middle 
. n 1 phalanges, of all fingers, and on the distal phalanx of the thumb 

’ Un the left hand, cotton touch was about normal In the feet the sensibility 
to cotton touch was impaired on both sides below a point 4 inches above the 
external malleolus and 2 inches above the internal malleolus Pam sensibility 
was normal in both hands and feet, and both touch and pam sensibility were 
normal over the rest of the body Vibration sensation seemed to be impaired 
below the right wrist and was altogether absent over the head of the fifth 
metacarpal bone and digit It was slightly diminished on the left hand below 
tie wrij;, but was nowhere entirely absent There was complete pallanesthesia 
below the middle thoracic vertebra Muscle pain sense and sensitiveness of 
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the nerve trunks were normal The finger to finger and the finger to nose 
tests were fairly well performed, but there was a definite ataxia in both legs 
which became evident in the heel-knee-toe test The patient was at times unaware 
of the exact location of his legs in the bed Joint sense m the toes was com- 
pletely absent, though the patient knew which toe had been touched There 
was a very marked Romberg There was general muscular weakness, and the 
patient was unable to stand without assistance Nowhere is there localized 
atrophy or fibrillation The extensor power of the legs was less than the flexor 
power There was no tremor present in hands or legs The conjunctival, 
corneal, palate, and pharyngeal reflexes weie normal The biceps, triceps, and 
supinator reflexes were normal and equal on both sides The abdominal, cremas- 
teric, and external anal reflexes could not be elicited The plantar reflexes were 
extensor on both sides by Babinski’s method, and on the left side by Oppenheim’s 
method The patellar and Achilles tendon reflexes were absent, even on rein- 
forcement There was no ankle or patellar clonus The patient complained of 
inability to control the movements of the bowels and at times of difficulty m 
holding the urine Sexual power was absent There was a slight edema of 
the subcutaneous tissues 

Mental Evaimnahon — (1) General memory and orientation Memory for past 
and recent events appeared to be fairly good and the patient related childhood 
experiences with apparent accuracy The patient said that he entered the hospi- 
tal September 23, since when he thought he had greatly improved He gave 
the month as December, which was correct, and the year as 18 — then says 
1900 Was oriented as to place and persons (2) General understanding and 
insight appeared to be satisfactory (3) Emotional status He was depressed, 
as a rule, and had been so for years , however, he had no suicidal tendencies, but 
said, on the contrary, that he expected to be hopeful to the last minute He 
complained of having had a good deal of trouble with the devil, who, twenty- 
five years ago, while the patient was in perfect health, got into the habit of 
appearing after he had gone to bed at night At these times he would bend over 
the patient and hold him so firmly at his sides that he would awake from the 
pain A good deal of prayer finally rid him of this trouble, until the past 
September when the devil "again appeared, tormenting him almost every night 
for about a month One night, while sleeping m a boarding house, the devil 
entered and carried on to such an extent that the screaming of both him and 
the patient caused the neighbors to send m a call for the police He added that, 
though he was usually asleep when the devil appeared, he was well awake for 
some time before he left The patient is convinced that God sent these visita- 
tions as a punishment for his past iniquity At times he heard the church bells 
ringing, usually in the left ear, for half an hour at a time Also heard whistling, 
and words which come from various directions but say nothing (4) Memory 
Memory for past and recent events appear to be fairly good, though the patient 
said that of late it had grown poor In repeating the “Cowboy Story,” he got 
to the point at which the cowboy put on his old clothes, but forgot all that 
followed, omitting the dog from the story altogether and remembering abso- 
lutely nothing about it He was able to repeat numbers of four places correctly, 
but made mistakes in repeating numbers of five or more digits In repeating 
the alphabet he gave the last letters as q, u, s, t, y, z (S) Attention Attention 
during the entire examination was found to be satisfactory, the attention tests 
being performed fairly well (6) Thinking He could do simple calculations, 
but could not point out the faulty logic m the “Lillies and Roses” test 
(7) Capability Save for the limitations imposed by his weakness the patient’s 
capability appears to be good There is some slurring in repeating the test 
phrases (8) Association In the Masselon tests, the patient was unable to build 
sentences that were to contain three given words Being asked to make a sen- 
tence containing the words “kettle,” “water” and “stove,” he said, “The kettle 
stood in the water,” and in using the words “bab 3 %” “bottle” and “milk,” he said, 
“The baby w'as drinking the bottle” (9) Sleep and dreams The patient sleeps 
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poorly as he is awakened by the least noise The jerking in his legs also tends 
to keep him awake 

iVeo o/) 5 y — The patient died March 18, 1915, necropsy being performed 
thirteen hours postmortem The protocol showed the following External 
appeal anccs The body is that of a well developed, fairly well nourished, adult 
male, 179 cm in length Rigor is present, and there is hvidity in the dependent 
parts The pupils measure 5 mm m diameter and are equal There is a 
moderate amount of edema in the extremities and in the external genitals There 
IS a small pigmented mole at the angle of the left scapula Peritoneal cavity 
The peritoneal cavity contains about 2,000 c c of clear, straw colored fluid 
The serous surfaces are smooth and clear and there are no adhesions The 
appendix measures 9 cm in length and hangs fiee The diaphragm reaches the 
fourth interspace on the left and the fourth rib on the right The mesenteric 
lymph nodes are moderately enlarged and dark in color Pleuial cavities The 
left pleural cavity contains 800 cc and the right, 500 c c of a clear, straw 
colored fluid There are strong fibrous adhesions at the apex and at the poste- 
rior portion of the base of the right lung The left pleural cavity is free from 
adhesions and the serous surfaces are smooth and clear Pei icai dial cavity 
The pericardial cavity contains about 250 c c of clear, straw colored fluid, the 
visceral and parietal pericardium being smooth and glistening Heait The 
musculature is thin, soft, flabby, and somewhat pale in color The mural endo- 
cardium IS smooth and clear and the valve leaflets show no gross lesions The 
root of the aorta has a few elevated, yellowish patches, but possesses good 
elasticity, the intima is of a bright red color Lungs No nodules are palpable 
and tlie lungs crepitate throughout From sections through the posterior portion 
of the base of the left lung, a large quantity of thin, reddish fluid can be 
expressed Spleen The spleen weighs 200 gm , the capsule is smooth, and the 
pulp IS dark in color and scrapes readily Ltvei The liver weighs 2,850 gm , is 
of a fairly light, reddish brown color, and on cut section reveals small, dark 
areas surrounded by lighter zones The pancreas, gastro-intestinal tract, and 
adrenals show no gross lesions Kidneys The kidneys together weigh 360 gm , 
are equal in size, and slightly lighter in color than normal The capsules strip 
readily, leaving smooth, glistening surfaces The cortices are of even thickness 
and the normal markings regular The bladder is normal The bone marrow 
from the upper third of the femur is yellow m color The anatomic diagnosis 
was (1) pernicious anemia (aplastic type) , (2) ascites, hydrothorax, and hydro- 
pericardium, (3) moderate chronic passive congestion of the liver, (4) hypo- 
plasia of the mesenteric lymph nodes , (5) slight atherosclerosis , (6) edema of 
the left lung, (7) hemoglobin imbibition of the aorta 

Sections of the spinal cord stained by the Weigert method show a moderate 
degree of combined sclerosis of the type seen in pernicious anemia The Marchi 
sections of the cord are normal in appearance 


S? am —The brain is slightly paler than normal The leptomemnges are 
slightly clouded along the blood vessels of the convexity The vessels at the 
base are possibly a little thickened The gyri are normal m size and conforma- 
tion The ventricles are normal in size and the ventricular walls smooth and 
glistening 

Weigert Sections Sections passing though the ham at the level of the 
genu coipons callosi In the marginal gray matter one sees areas of increased 
pallor at the dividing point of the blood vessels The medullary portion of the 
section IS absolutely normal m appearance Sections through the optic chiasma 
1 cm posterior to the optic chiasma, and the crus, are normal Occipital sections 
low a slight degeneration of the medullated fibers m the neighborhood of some 

Tn! nU. marginal gray small circular foci, as described in 

a number of preceding cases, are found in limited numbers Sections through 

neatr'Hi Sections ihoujfh the olive and the ceiebellum Just unde^r- 

the dentate nucleus of one side appear two small foci of the Lichtheim 
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type In one of the recessses formed by the folding of the dentate nucleus, the 
white fibers show definite ballooning and disintegration 

Marchi Sections In the right centrum semiovale are seen evidences of recent 
degeneration, a number of the fibers appearing swollen and in many places 
represented by rows of blackened globules These changes become progressively 
more marked m the deeper portions of the brain All of the degeneration seen 
appears to be recent, none of the blood vessels showing evidences of perivascular 
accumulations 

Bielschowsky Sections In the Bielschowsky sections a number of blood 
vessels can be seen which are surrounded by a light halo, the fibers within this 
area showing evidences of disintegration The Weigert glia fiber and the 
Ramon y Cajal glia cell sections show no evidence of reaction on the part of 
this tissue Here and there, in the meninges and in certain of the blood vessels 
there is seen rather extensive invasion of streptococci, but no evidence of 
reaction In the hematoxylin and eosin sections rather numerous sieve like 
areas are noted in the medullary substance of the cortex, which vary in size 
from 0 01 to 0 03 mm , and which, in a number of instances, are found to be 
definitely related to the blood vessels, though this relation cannot be definitely 
established in all of them As many as eighteen to twenty of these foci can be 
counted in the low power field of the microscope One of the meningeal vessels 
was found to contain a good many leukocytes Thionin, toluidin blue, and neutral 
red sections show most of the pyramidal cells to be absolutely normal in appear- 
ance In a few instances, however, there are found chromatolysis, slight 
satelhtosis, neuronophagia, indistinctness of the cell outline with disappearance 
of the processes, and some swelling and eccentricity of the nuclei In a good 
many cells there appears, plastered around the nucleus and the periphery of the 
cell, a rather deeply staining material which is evidently derived from the Nissl 
bodies A very few of the cells exhibit a certain degree of vacuolization The 
changes noted above are found to be most numerous in the Rolandic area 
The blood vessels at the base show some thickening of the intima and possibly 
also some of the media, there is a moderate increase in the elastic fibers and 
some splitting of the inner elastic membrane The Ltchigruenfuchstn sections 
show nothing pathologic 

Case 6 — (Necropsv 251 ) Histoiy — A T, 37 years of age, Norwegian, died 
on April 15, 1913, a clinical diagnosis of pernicious anemia having been made 
by a competent internist Necropsy was performed twenty-three hours post- 
mortem, a standard embalming fluid having been injected the evening before 
The following notes appear on the record 

Necropsy — The body is that of a somewhat emaciated, but well developed 
adult man There is moderate rigor mortis and slight lividity of the dependent 
portions Mucous membranes of the throat and mouth are very pale The 
plural cavities contain about 10 ounces, on the right side, of a clear, yellowish 
fluid which contains some flakes of fibrin The pericardial cavity is empty and 
the walls smooth and glistening The abdominal cavity contains no fluid and 
the viscera, save for pallor, are normal in appearance Lungs The right lung 
weighs 760 gm The lower lobe is heavy and does not collapse The upper 
lobe, in its dorsal portion, is firm and crepitates feebly, the anterior portion being 
very pale and normal to the touch On cutting the lower lobe a pale, yellowish 
red fluid escapes and a number of granular plugs may be scraped out The 
posterior portion of the upper lobe was filled with a frothy fluid The left 
lung weighs 650 gm and is very pale and edematous The peribronchial lymph 
nodes are pigmented and slightly enlarged Heat t The heart muscle is pale and 
flabby in consistenc}’^ The right cavity is filled with a thin, pale bloody fluid 
The left cavity contains a white coagulum , the walls are fixed to a certain depth 
by the embalming fluid The valves are normal in appearance The aorta is 
negative Spleen The spleen weighs 300 gm, is somewhat enlarged, pale and 
firm Kidneys The combined weight is 390 gm , the right being a little smaller 
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than the left The surfaces show the fetal markings The capsule is slightly 
thickened and strips with a little difficulty, small bits of the cortex being removed 
with it The cortex is somewhat narrow, the normal markings somewhat indis- 
tinct, and the glomeruli rather prominent The left contains a solitary cyst 
about 1 cm in diameter The ureters, bladder and urethra are negative 
Adrenals These are normal in size, but very pale Ltvei The liver weighs 
1,630 gm The capsule is smooth, rather pale and has a rusty tint The gall- 
bladder IS filled with a viscid bile and the ducts are patent The pancreas is 
negative, though very pale Stomach The stomach is dilated with a liquid 
content the wall is very pale, somewhat thinner than normal, and the mucosa 
shows no evidence of old ulcers or other irritation The small intestine is pale 
and contains small amounts of fluid feces, but is otherwise negative The 
appendix hangs free and is normal in appearance The large intestine. contains 
considerable amounts of feces in masses In places the wall of the intestine is 
very thin Reti operitoneal shuctwes The glands about the aorta and the 
celiac axis are enlarged and somewhat congested The scalp and the skull are 
negative Bones The clavicle contains marrow which is normal in appearance 
The ribs and sternum contain a very friable and pultaceous marrow which is 
a deep reddish chocolate color Smears from the sternum and from the marrow 
of the fifth rib stained with the Erlich-Biondi stain show erythrocytes, micro- 
cytes, polychromatophilia, many megaloblasts, some normoblasts, and white 
blood cells of all types, including many myelocytes and coarsely glanular 
oxyphils Necropsy diagnosis (1) Anemia of all the viscera, (2) lobar pneu- 
monia of the right lower lobe, with a serofibrinous pleuritis , (3) edema of the 
left lung and the upper lobe of the right lung, (4) some fatty degeneration of 
the kidney, (5) slight dilatation of the heart, with possibly some fatty degenera- 
tion of the muscle, (6) increase in the red bone marrow, (7) atrophy and 
dilatation of the stomach , (8) extensive pigment deposit throughout the liver 
Unfortunately none of the spinal cord was removed at necropsy 

Btaiu — The membranes of the brain are very pale The brain itself is normal 
in appearance and consistency, save that it is almost pearly white in color The 
blood vessels at the base of the brain are normal in appearance and very delicate 
to the touch 


Weigert Sections These are all normal save for a few slight changes 
Fiontal area In the marginal gray matter and in the medullary substance at 
various distances from the surface aie a number of light circular areas, about 
0 1 mm in diameter, which are often seen surrounding capillary vessels cut in 


cross section Section through the optic chiasma Surrounding a number of the 
smaller capillaries m the medullary substance of the brain there is a small area 
of disintegration, such as have been described Secfionj through the cius 
A few circular pale areas, present up to the number of about five to the low 
power field, and measuring about 025 mm in diameter, are seen in some of 
the medullary rays of the gyn Similar areas are also seen in the marginal 
gray layer Occipital lobes Sections from this area resemble in all respects those 
}ust described Sections through the cerebellum are normal in appearance 
The Marchi sections show no definite pathologic changes In both the gray 
and the medullary portions of the cortex, as seen in the Bielschowsky sections, 
tliere are noted pale, more or less circular areas, about 01 to 025 mm in 
diameter, present in numbers up to four or six to the low power field (No 3 
No 4 eye piece) and resembling in all respects similar areas 
e cribed in some of the foregoing cases Serial sections show that these in 

oS oVtr^n ^'ther to some small blood vessel or surround 

these Ir? Pyramidal cells of the gray layer The cells themselves, lying within 

this b?ain are 

of the ^coarser dirS’ possible exception of some irregular thickening 

of I sha fibers Hematoxylin and eosin sections show the same areas 

the penvSrjrT'" ='''“howsky seCons, the assoc, at™ S 

P ivascular spaces being well illustrated The cells of the cortex, as stained 



832 


H W WOLTMAN 


ARCH 


With thionin and toluidm blue, are absolutely normal m appearance, with the 
exception of a small number of cells lying within the degenerated areas, described 
in the preceding sections These are more readily studied in sections which are 
somewhat overstained No fuchsinophilic granules are noted The larger blood 
vessels at the base are normal in appearance 

Case 7 — (Necropsy 11-17) Htstoiy — H R, 42 jears of age, single and a 
laborer, vas admitted to the hospital Jan 25, 1911, complaining of difficulty in 
breathing, fatigue on slight exertion, a pain about the heart which was sharp 
at times, some swelling of the face, and increasing pallor of five weeks’ duration 
The patient was born in Minnesota and had never left the state The father 
and mother both died of unknown causes His habits were said to ha\e been 
moderate 

Physical Examtiiahon — This showed a middle aged man, medium m stature, 
well developed, and fairly well nourished The hair was brown, with an admix- 
ture of gray The eyes were blue, the pupils circular, equal in size, and normal 
in reaction Hearing was normal The patient stated that he had had some 
ringing in the ears prior to coming to the hospital, but this had now wholly 
disappeared The skin was somewhat yellowish in color and extremely pale 
The mucous membranes were pale and the capillary circulation did not return 
promptly after pressure The left border of the heart extended to about 1 inch 
outside of the nipple line There was a blowing sound, systolic in time, heard 
loudest over the apex, and transmitted over the entire chest The abdomen was 
negative to palpation, and no masses were felt The muscles were somewhat 
flabby and there was a moderate loss of strength The spleen was large and 
palpable The deep reflexes were diminished in the upper extremities and the 
knee kicks could not be obtained There were no enlarged glands palpable 
The urine was normal save for an occasional pus cell Examination of the 
stool showed no ova or parasites Examination of the blood showed the follow- 
ing January 28, hemoglobin 18 per cent , red count 800,000 and 2,500 leuko- 
cytes, February 9, hemoglobin 10 per cent, red cells 400,000, 7,000 leukocytes, 
with an appaient increase in the relative number of lymphocytes, a rather 
marked poikilocytosis, polychromatophilia, also normoblasts m moderate num- 
bers and megaloblasts in greater numbers The patient exhibited a slight rise 
in temperature, which fluctuated, but never exceeded 996 F The pulse varied 
between 80 and 100, and the respirations between 20 and 24 The patient was 
put on dilute hydrochloric acid and nux vomica February 6, there was slight 
epistaxis He became progressively weaker and on February 10 became very 
delirious, talking and moving about continually He died February 11 

Neciopsy — Necropsy was performed five and a half hours after death with 
the following results External appeal ance The body is that of a fairly well 
developed, poorly nourished, adult male, 168 cm in length The skin is ver}' 
pale and mottled on the arms and neck by freckle patches Rigor mortis and 
lividitj are absent The pupils measure 6 mm and are equal There is no 
edema, cyanosis or jaundice Peutoneal cavity The surfaces are everywhere 
pale but smooth and glistening The right lobe of the liver in the midclavicular 
line reaches 3 cm below the costal margin The left lobe of the liver is very 
prominent, reaching 11 cm below the xyphoid cartilage The appendix is 7 cm 
in length and is bound by adhesions to the root of the mesentery, on the left 
side at its tip Near the tip the lumen of the appendix is obliterated The 
mesenteric lymph nodes are normal The diaphragm reaches to the fifth space 
on the left, and to the fifth rib on the right The pleural cavity The pleural 
cavities are interrupted by numerous stretched fibrous bands There is no free 
fluid in the cavity The pericardial cavity is normal, except for a large grayish 
white patch on the anterior surface of the right ventricle Heart The heart 
weighs 418 gm Th^e muscle is very pale but of firm consistance The cavities 
are filled with clots and are all somewhat dilated These clots are composed 
of definite layers, the upper portions having the appearance of “goosefat,” vhile 
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the lower layers are much paler than normal The valve leaflets are apparently 
normal The root of the aorta shows an occasional laised grayish patch of 
thickening The tricuspid valve measures 15 mm , the pulmonary valve 8 mm , 
the mitral valve, 9 5 mm , the aortic valve 8 mm The depth of the right 
ventricle is 10 cm, and the thickness 06 cm The depth of the left ventricle 
IS 9 5 cm and the thickness, 14 cm Lungs The lungs are quite pale and 
remarkably free from black pigment There is no evidence of postmortem con- 
gestion of the dependent portions The lung pulp is free from nodules or 
tubercles In the peribronchial lymph nodes of the left lung there is one small 
calcareous nodule A similar nodule exists in the lymph node at the bifurca- 
tion of the trachea Spleen The spleen is small and regular, weighing 85 gm 
The pulp IS increased in consistence, of normal color, and on cut surface, aside 
fiom comparative obscurity of the malpighian bodies, appears normal Livei 
The liver weighs 1,695 gm The surface and pulp are pale and very moist, the 
pulp having a swollen 'feeling The gallbladder is distended with thin bile and 
the ducts are normal Cast) o~intestinal U act The mucous membrane through- 
out IS very pale The pylorus shows apparent definite thickening, but there is 
no evidence of any lesion throughout the tract Peyer’s patches, in the lower 
portion of the ileum, are raised, prominent, and slightly roughened on their 
surfaces Adienals The adrenals are free from demonstrable lesion Kidnevs 
The kidneys weigh 310 gm The capsules strip readily, leaving smooth surfaces 
The pulp of the left kidney is very pale and the markings are indistinct In 
the pulp of the right kidney, there is a slight yellowish tinge in the cortical 
portion, and the striae are fairly regular The bladder is distended with a clear 
urine Gemtal oigans The prostate shows occasional dark pigmented points 
The aorta contains numerous raised, grayish white or grayish yellow nodules 
Otgans of the neck The thyroid and trachea are normal Head The scalp, 
calvarium, and dura are normal The base of the skull and the middle ears 
are normal in appearance Bone maitoitl The bone marrow of the right 
femur throughout its entire extent is very red, soft, and of a thick, oily consis- 
tence The bone marrow of the ribs is very red and prominent The necropsy 
diagnosis is (1) primary anemia of an acute type, (2) old healed tuberculous 
pleuntis, (3) edema of the brain, (4) chronic obliterating appendicitis, (5) 
possible thickening of the pyloric ring Bacterial examination A culture from 
the heart’s blood is negative Microscopical examination The muscle fibers 
of the heart are in good condition There is almost complete absence of blood 
from the capillaries There is a patch of scar tissue under the pleura and some 
' emphysema The spleen is normal The liver shows no blood m the sinuses 
The hepatic cells show an increase of pigment and large numbers of fat droplets 
The stomach is normal except for a little postmortem change, which is also true 
of the intestinal tract The adrenals are normal The convoluted tubules of 
the kidney are somewhat dilated, the epithelial cells are in good condition, and 
there is no increase in connective tissue The aorta shows a slight thickening 
of the intima The thyroid gland is normal The sinuses of the lymph nodes 
are very prominent and contain large numbers of leukocytes, many of the poly- 
morphonuclear type The prostate is noimal The testicles contain no sperma- 
tozoa, but are otherwise normal The pituitary gland is apparently normal 
the bone marrow shows the typical structure of red bone marrow, there are 
large mimbers of myelocytes, nucleated reds, etc, but very little adipose tis- 


Btain The brain weighs 1,305 gw There is no distinct evidence of lesior 
except for a marked edema of the pia arachnoid and some pallor The blooc 
\ ssels are en^ty and slightly thickened at the base The ventricles and gyr 
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plaques about 0 2 by 04 mm m size are seen, one in the corpus callosum, and 
the other in the white matter just under the marginal gray These resembled 
in all respects the Lichtheim foci of the cord Sections through the cuts and 
through the occipital lobes Aside from two or three small areas of destruc- 
tion, these sections appear to be normal Sections through the ceiebelliim and 
thioiigh the pons are normal The Marchi sections of the cortex show a very 
slight stippling, which is probably pseudo-Marchi in character A few ballooned 
myelin sheaths are found There are no accumulations about the blood vessels 
Bielschowsky Sections In the Bielschowsky sections a very limited number 
of lighter plaques, similar to those described in preceding cases were seen, both 
in the white and in the marginal gray In this case, however, the association 
of these plaques with blood vessels or pyramidal cells was less constant In 
all of the sections stained by the Ramon y Cajal stain and by the Weigert glia 
fiber method there appears to be some increase in the size of the glia cells, 
as well as some enlargement, and possibly some proliferation of the glia fibers 
The hematoxylin and eosin sections show nothing abnormal save a marked 
satellitosis Sections stained with thionin, toluidin blue, and neutral red show 
a well marked satellitosis, occasional tigrolysis, and eccentricity of the nuclei 
In sections which are somew'hat overstained one can see a number of the pale 
areas, both in the marginal gray and in the medullary portions, which are most 
numerous in the temporal lobes, where one or two can be seen in from one 
to SIX low power fields Some of the pyramidal cells w’lthin these areas appear 
somewhat shrunken and rather deeply stained, others show a marked tigrolvsis 
and vacuolization, with indistinctness of the cell membrane The basal nuclei 
appear normal No fuchsinophilic granules are seen in any of the sections 
The larger blood vessels from the base show a slight, diffuse arteriosclerosis, 
which involves principally the media, also a slight and diffuse increase in the 
amount of elastic tissue 

DISCUSSION 

Certainly it cannot be said that the cortex of pernicious anemia 
patients is barren of pathologic findings The lesion of prime interest 
IS, of course, the occurrence of placques m the medullary substance of 
the cortex, which in every respect resemble the lesions so often found 
in the spinal cord While the cases reported by Barrett all had a very 
marked mental disturbance associated with the pernicious anemia, this 
obtains in only one case of this senes, the mental condition of the 
patient m the remainder being no more altered than is usually seen in 
pernicious anemia In three of the seven brains studied, this focal 
degeneration could readily be seen with the naked eye, in two it was of 
model ate intensity, requiring a microscope for its detection, and in two 
itTca 2 ax_very,-sbgbt''findeed, only a very few small areas having been 
noted 

The incongruity between cases presenting cord symptoms clinically 
and those showing pathologic changes at subsequent examination has 
long been a matter of comment , thus, also, in Case 4 there was marked 
clinical evidence of cord involvement, while pathologically there 
appeared only a very slight degeneration as shown m the Weigert sec- 
tions, though in the Marchi sections this change was more evident On 
the other hand, in the same case the mental symptoms were very slight 
and no change in the mentality appeared until just preceding death, 
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while the degenerative changes m the brain were very marked If one 
considers only those cases in which there existed a definite psychosis, 
this lack of correlation between the clinical and pathologic findings is 
even more striking Although Barrett found definite pathologic changes 
in ten of the eleven cases which he reports, the Lichtheim placques 
were present in only four, and very insignificant m the mental case 
here reported, on the other hand, in four of the seven cases of this 
series, the degeneration was very marked, while the mental symptoms 
were no more marked than is ordinarily observed in pernicious anemia 
Just what part these lesions play m the production of this mental condi- 
tion cannot be definitely stated As Barrett and others have shown, 
the development of well marked psychotic manifestations is probably 
independent of the pernicious anemia itself The same lack of causal 
relationship between the mental symptomatology and the pathologic 
changes observed, probably obtains with reference to these placques 
also It IS not at all unlikely, however, that they may aid in the produc- 
tion of the indifference, irritability, apathy, and somnolence so fre- 
quently seen, though the principal factor underlying these phenomena 
is probably the toxin itself 

The percentage of pernicious anemia cases showing pathologic 
lesions m the cord is rather high, though an accurate figure cannot be 
given Nonne, m a series of seventeen cases, found cord changes pres- 
ent in ten, about 59 per cent Mmnich, in thirty cases, found changes 
in twenty-three, about 77 per cent , Petren, in nine cases, found 
changes in two, about 22 per cent In the five cases of this series in 
which the spinal cord could be studied, combined sclerosis was marked 
in three, moderate in one, and very slight in one 

Compared to this it will be seen that the degenerative changes in 
the medullary portion of the cortex occur fully as often in pernicious 
anemia, if not oftener, than do changes in the spinal cord, though the 
lesions in the brain are usually smaller, fewer in number, more widely 
scattered and not so readily enlarged by confluence and secondary 
degeneration, which renders their detection more difficult In Cases 
1 , 2, and 3 there was a well marked change in both the brain and^the 
spinal cord , in Case 4 the changes in the brain were marked while those 
m the spinal cord were relatively slight , in Case 5 the degeneration of 
the brain was very slight while that in the cord was moderate If the 
results of such a small series of cases can be used in formulating a 
general principle, it might be said that the changes in the cord and in 
the brain run fairly parallel 

Of not less importance, however, are the smaller areas which were 
escribed in the Weigert sections as being more or less circular in out- 
me, a out 0 1 mm in diameter, and most numerous in the medullary 
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portion of the cortex, just underl 3 '-ing the marginal gray of the convolu- 
tions The same areas appeared in other slides as localized patches in 
which the fibrillar structure was more or less pushed aside, the meshes 
being thereby enlarged , the margins were not well defined, but graded 
almost insensibly into the surrounding tissue, the entire structure pre- 
senting a picture such as might be brought about by a localized edema 
As serial sections showed, they may be unrelated to any blood vessels, 
though as a rule they tend to surround these like a halo Axis cylin- 
ders passing through these areas were found to be more or less disinte- 
grated, and in the center of a number of them was seen an 
accumulation of granular debris, as shown in Figure 13 There was 
no evidence of any associated gha reaction or cellular increase In a 
number of instances these meshes were found to be more or less dis- 
tended with a somewhat hyaline, usually basophilic substance, which 
resembled in every respect material found in the perivascular spaces, 
and with which it at times seemed to be continuous, as though it had 
been pressed into the tissues Such a condition is represented in 
Figures 14 and 15 There appears to be but one conclusion, and this 
IS the obvious one, which is that at least some of the white fibers, 
including the myeline sheaths and the axis cylinders, are destroyed, 
presumably through toxic action, possibly assisted by stasis, by a sub- 
stance which accumulates m the so-called perivascular space The 
very marked degeneration seen around some of the vessels in the 
Marchi sections, as well as the Weigert sections, supports this theory 
as additional evidence It was also noted, however, that these pen- 
vascular structures were not the only ones in which this degeneration 
was initiated, but that a very diffuse and widely scattered destruction 
of the medullary substance at times occurred To state that this is 
due directly to toxin action is rather arbitrary, though it certainly 
appears by virtue of its apparent simplicity to be the case, and it is not 
only possible, but also probable, that such a mechanism may obtain 
There is another factor, however, which the study of this material 
shows to be instrumental also in bringing about degeneration in the 
medullary substance of the cortex It will be recalled that in Cases 2, 
3, 6, and 7 certain areas of pallor, resembling very closely those just 
referred to, were also present in the marginal gray matter of the gyri 
These were, in perhaps the majority of instances, found surrounding a 
pyramidal cell, as shown m Figures 16, 17, 18 and 19, the cell thus 
located presenting all degrees of degeneration from one which was 
practically normal in appearance to one which was completely disinte- 
grated, the cells in the vicinity being practically normal as revealed by 
microscope It seems indisputable that this cellular disintegration and 
tlie surrounding area of partial necrosis bear some relation to one 
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another The interpretation of this, however, is not so simple We 
are probably justified in assuming that the process at work here does 
not differ materially from that acting to bring about degeneration m 
other structures of pernicious anemia brains Accordingly, this cellu- 
lar destruction is probably the result of some toxin action, assisted 
possibly by some nutritive factors of mechanical origin The manner 
in which this toxin is conveyed to the cell is probably the same as else- 
where, namely, through the lymphatic channels , incidentally this would 
serve as additional evidence of the existence of a so-called pericellular 
space of Obersteiner Granting that pyramidal cells of the cortex may 
be thus destroyed, there would then follow a secondary degeneration 
of the axon to which it gives rise, which would account for at least 
some of the degenerating fibers seen in the cortical white matter 

Certain other cell changes were observed also, though, on the whole, 
the cells were practically normal in appearance Among the changes 
seen, were varying degrees of tigrolysis, particularly in the cells of the 
second and third pyramidal layers, vacuolization, loss of cell processes, 
indistinctness of the cell outline, eccentric positions of the nuclei and 
of the nucleoli, some of which were very much swollen, deep staining 
of the nucleus, partial extrusion of the nucleus, and m two cases, defin- 
ite axonal reaction Satellitosis and neuronophagia were observed also 
Fuchsinophihc granules were seen in the cells of a number of cases 
In certain cells there appeared to be an increase m the amount of intra- 
cellular pigment which exceeded the normal , on the whole, however, 
this was not the case 

Relative to the glia changes, little can be said There appeared to 
be in some of the cases a little increase m the coarser glia fibers, which 
often seemed enlarged, nodular, and very wavy Henneberg’s observa- 
tion, that there is in general little gha reaction in cases of this kind, due 
possibly to the poor nutritional state, would seem to be borne out by 
these findings Too much can hardly be said in praise of Ramon 3^ 
Cajafs comparatively new gold stain for glia cells and the coarser gha 
fibers We found it to yield very excellent pictures 

Hemorrhages were noted in but one case, and here they were not 
very numerous Definite softening was. observed in two of the cases, 
once involving a portion of the basal nuclei, and in another, the coitical 
white matter The “Rmgwallherdchen” described by Schroeder as 
being so characteristic of pernicious anemia brains, though carefully 
sought, could not be found, though it seems that this should be no diffi- 
cult task, in view of his description Only one focus, in which the 
resemblance was, as a matter of fact, exceedingly remote, was found 
wiich could possibly be interpreted as an accumulation of disintegrated 
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SUMMARY 

Summarizing again what we believe to be the most salient features 
in the pathologic anatomy of pernicious anemia brains, we have the 
following 

1 Not only do degenerated areas of the Lichtheim type, such as 
are typically found in the posterior and lateral funiculi of the spinal 
cord m pernicious anemia patients, occur in the medullary portions of 
the brains of these cases, but they occur with about the same frequency, 
though their demonstration may be rendered more difficult 

2 Patients who show degenerative changes in the spinal cord at 
necropsy, usually show the same type of lesion m the brain also 

3 In addition to these focal degenerative areas found in the white 
matter, which may or may not be associated with blood vessels, we also 
find a diffuse degeneration, which, though it is, as a rule, somewhat 
more striking in the long association tracts, also occurs in the short 
commissural fibers passing from one gyrus to another, thus rendering 
the view untenable that it is the distance of these fibers from their 
trophic centers which is instrumental in causing the degeneration 

4 The gray matter is by no means immune from the destructive 
process This is usually focal in character, and begins around the 
pyramidal cells of the marginal gray layer, the cells themselves being 
ultimately destroyed in the process, this, in turn, giving rise to a sec- 
ondary and very diffuse degeneration of the medullated fibers in the 
white matter 

5 Though some degeneration was noted in the fibers of the internal 
capsule and in the long tracts passing through the pons, the degenera- 
tion at this level was less intense than that seen either in the cord or 
in the brain 

6 The appearance of these plaques, not only around the blood 
vessels but also around some of the larger pyramidal cells, seems addi- 
tional evidence that lymph stasis is an important factor in the produc- 
tion of these foci 

7 Well marked psychoses, such as are occasionally associated with 
pernicious anemia, probably have little or nothing to do with these 
destroyed areas 

8 The milder mental manifestations such as somnolence, apathy, 
and terminal delirium, are probably in a measure dependent on these 
lesions, though the chief causative agent of these symptoms is probably 
the toxin itself 
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BOOK REVIEW 


The Elements or the Science or Nutrition By Graham Lusk, PhD, ScD, 
FRS (Edin ), Professor of Physiology at Cornell Medical School, New 
York Third Edition W B Saunders Company, 1917 

This book in its first two editions has been so well known among physicians 
and scientists that it seems almost superfluous to describe it Professor Lusk 
reviews the evidence on which the science of nutrition both in normal and 
pathologic states is based, he furnishes us with a critical analysis of the 
intricate subject which we as clinicians have tersely designated as “metabolism 
in health and disease” It requires a man who is not only a master in this 
subject, but in his power of expression as well, to present this material in an 
acceptable form The author of this book fulfils both of these requirements 
in a wonderful manner He has succeeded in describing the experimental evi- 
dence in each instance very briefly, and yet in such a way, usually by the 
judicious use of tables and figures, that the proof of each contention is vivid 
and very positive The reader under these circumstances is able to form a 
concrete idea of the actual work accomplished by each author referred to in 
the text and to follow step by step in a most logical way thd evidence which 
leads to Professor Lusk’s conclusions The discussions concerning calorimetry, 
the influence of protein, fat and carbohydrate, and of normal diet under various 
conditions are elaborated in great detail Diseases such as diabetes and gout, 
which fall in the category of metabolic disorders, are carefully discussed from the 
scientific and experimental point of view The third edition is much larger than 
previous ones, and includes a consideration of all of the most recent literature 
To physiologists, physiologic chemists and physicians interested in nutrition or 
nutritional diseases this book is indispensable 
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